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VACCINE 



FIELD OF INVENTION 

This invention relates to newly identified peptides and polynucleotides encoding 
these peptides, and to chimeric proteins that carry these peptides. The invention also 
relates to a method of isolating the peptides or chimeric proteins and a vaccine 
composition for use in the treatment of Haemophilus influenzae infection. 

BACKGROUND OF THE INVENTION 

Haemophilus influenzae (Hi) is a gram-negative coccobacillus and a strict human 
commensal. Strains of Hi are either encapsulated in a polysaccharide capsule or are non- 
encapsulated and are accordingly classified into typeable (encapsulated) and non- 
typeable (non-encapsulated) strains. 

Encapsulated pathogenic strains of Hi cause mainly, but not exclusively, invasive 
disease in children under six years of age. Haemophilus influenzae type b (Hib), tor 
example, is a major cause of meningitis and other invasive infections in children. 
Effective vaccines exist against Hib infections, and are based on producing antibodies to 
the polysaccharide capsule, and are therefore ineffective against non-typeable 
Haemophilus influenzae (ntHi). 

Non-typeable Haemophilus influenzae (ntHi) represents the majority of the 
colonising strains and, although rarely invasive, are responsible for a significant 
proportion of mucosal disease including otitis media, sinusitis, chronic conjunctivitis and 
chronic or exacerbation of lower respiratory tract infections. Currently, approximately 
30%, and as much as 62% of ntHi are resistant to penicillins. Carriage is estimated at 44 
% in children and approximately 5 % in adults, and can persist for months. Neither the 
pathogenic mechanisms nor the host immunological response has been fully defined tor 
otitis media caused by ntHi. 

Otitis media is a common disease in children less than 2 years of age. It is defined 
by the presence of fluid in the middle ear accompanied by a sign of acute local or 
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systemic illness. Acute signs include ear pain, ear drainage, hearing loss whereas 
systemic signs include fever, lethargy, irritability, anorexia, vomiting or diarrho^^ 
Streptococcus pneumoniae and non-typeable Haemophilus influenzae (ntHi) are the most 
predominant bacteria that cause the condition, accounting for 25-50%, and 15-30% of the 
5 species cultured, respectively. In addition, ntHi is responsible for 53 % of recurrent otitis 
media. Approximately 60% and 80% of children have at least one episode of the disease 
by 1 and 3 years of age respectively (the peak being around 10 months). 

There is evidence that protective immunity does exist for ntHi, however antigenic 
drift in the epitopes naturally involved (outer-membrane proteins P2, P4, P6) plays a 
10 major role in the ability of ntHi to evade the immune defence of the host. 

There is therefore a need for additional effective vaccines against Haemophilus 
influenzae, and particularly for vaccines against non-typeable Haemophilus influefizae 
which is not affected by the currently available Hi polysaccharide vaccines. 

Fimbriae, which are surface appendages found on ntHi, are produced in 100% of 
15 the bacteria recovered from the middle ears and nasopharyngeal region of children with 
chronic otitis media. A vaccine comprised of fimbrin, a filamentous protein derived from 
the fimbriae of ntHi has been reported (WO 94/26304) and is useful in studying, 
preventing, or reducing the severity of otitis media. Fimbrin is homologous to the P5 
outer membrane protein of ntHi that has been the subject of another patent application 
20 (EP 680765). The fimbrin P5-like protein is capable of eliciting antibodies that react to 
the bacteria's surface and are bactericidal (WO 94/26304). The protein has been purified 
and has been shown to induce an immune response against different strains of ntHi. 

Existing methodologies to isolate fimbrin protein from the bacterial outer 
membrane were tedious and time-consuming. A strategy with other bacterial species has 
25 been to use an alternative immunogen having relatively short linear peptides. However, 
such alternative immunogens are of limited value since antibodies to such alternative 
immunogens frequently fail to recognise the native pathogen. 

LB 1(f) is a 19 amino-acid peptide derived from the sequence of P5-like fimbrin 
protein from strain ntHil 128 (occupying the region Argl 17 to Glyl35). This peptide was 
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defined initially as being a potential B cell epitope, by analysis of the primary sequence 
of P5-like fimbrin protein. Immunising animals with chimeric fimbrin peptides (called 
LB1 peptides), comprising the LB 1(f) peptide, a linker peptide and a T cell epitope, 
induces an immune response to the P5-like fimbrin protein and reduces the concentration 
of ntHi in animals subsequently exposed to ntHi. The LB1 chimeric fimbrin peptide is 
immunogenic in vivo and antisera generated against it was immunoreactive against both 
denatured and native fimbriae. The peptide was thus able to act as an effective 
immunogen in that it was able to generate antibodies which recognised and bound to the 
epitope in its native structure. This is due in part to the synthetic LB 1(f) peptide 
mimicking the coiled-coil secondary structure of the peptide within the fimbrin protein. 

This invention relates to the more effective use of the LB 1(f) peptide as a vaccine 
against Haemophilus influenzae strains that express the P5-like fimbrin protein (or 
naturally occurring variants of the protein). 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide groups of newly identified 
antigenic P5-like fimbrin subunit peptides (LB 1(f) peptides) of P5-like fimbrin proteins 
from various ntHi strains. It is a further object to provide chimeric polypeptides that 
carry these peptides and which induce an immunogenic response in animals to ntHi. and 
polynucleotides encoding such peptides and polypeptides. The invention also relates to a 
method of isolating the peptides or chimeric polypeptides, to a method of detecting the 
presence of the peptides in biological samples, and to a vaccine composition for use in 
the treatment of Haemophilus influenzae infection. 

The groups of LB 1(f) peptides contain peptides from about 13 to about 22 amino 
acids in length. The peptides fall into 3 main groups (one of which contains 2 
subgroups). The chimeric protein comprises one or more of the LB 1(f) peptide units 
covalently linked to a carrier protein that additionally acts as a T-cell epitope. Preferably 
the carrier protein is from Haemophilus influenzae so it may induce an immunogenic 
response in animals to Haemophilus influenzae itself. 
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The invention may be more fully understood by reference to the following 
drawings and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Figure 1: Plasmid pMGlMCS. The DNA sequence of the multiple cloning site is given. 
Figure 2: Plasmid pRIT14588. 
Figure 3: Plasmid LPD-LB1-A. 

10 Figure 4: Plasmid LPD-LB1-II. The DNA and amino acid sequences of the Group 1 
(LB1-GR1) and Group 2 (LB1-GR2) LB 1(f) peptides are indicated with arrows. The 
arrows encompass the LB 1(f) within the sequence of its natural context within the p5- 
like fimbrin protein. 

15 Figure 5: Plasmid LPD-LB1-III. The DNA and amino acid sequences of the Group 1 
(LB1-GR1), Group 2 (LB1-GR2), and Group 3 (LB1-GR3) LB 1(f) peptides are indicated 
with arrows. The arrows encompass the LB 1(f) peptides within the sequence of its 
natural context within the p5-like fimbrin protein. The LB 1(f) polypeptide extends from 
Metl to the C-terminal His residue before the stop codon. 

20 

Figure 6: Acrylamide gel stained with Coomassie showing the expression products of 
the following plasmids: 

Lanes: 1 . MW markers 2. pMGMCS 3. pRIT14588 

4. LPD-LB1-A 5.LPD-LB1-II 6. LPD-LB1-III 

25 7. LPD-LB1-III (LPD-LBl(f) 2 ,i,3 after purification process) 8. MW markers 

Figure 7: Western Blot (using rabbit anti-LBl) of an acrylamide gel showing the 

expression products of the following plasmids: 

Lanes: 1. MW markers 2. pMGMCS 3. pRIT14588 
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4. LPD-LB1-A 5. LPD-LB 1 -II 6. LPD-LB 1 -III 

7. LPD-LB1-III (LPD-LB 1 (f) 2U after purification process) 8. MW markers 

Figure 8: Western Blot (using a Mab anti-LPD) of an acrylamide gel showing the 
5 expression products of the following plasmids: 

Lanes: L MW markers 2. pMGMCS 3. pRIT14588 

4. LPD-LB1-A 5. LPD-LB1-II 6. LPD-LB1-III 

7. LPD-LB1-III (LPD-LB l(f) 2Ji3 after purification process) 8. MW markers 

10 Figure 9: Western Blot (using Ab against six-Histidine purification tag) of an acrylamide 
gel showing the expression products of the following plasmids: 
Lanes: 1. MW markers 2. pMGMCS 3. pRIT14588 

4. LPD-LB 1 - A 5. LPD-LB1-II 6. LPD-LB 1 -III 

7. LPD-LB 1 -III (LPD-LB l(f) 2jU after purification process) 8. MW markers 

15 

Figure 10: Passive transfer/challenge experiment. Mean tympanic membrane 
inflammation scores over the 35 day observation period for the 5 passively immunised 
chinchilla cohorts. The broken horizontal line at a mean tympanic membrane 
inflammation score of 1.5 indicates the level of inflammation attributable to adenovirus 
20 alone. Values above this line were considered to be an indication of ntHi-induced 
inflammation. ▼ - Sham; O - LB1; ■ - LPD; 0 - PD; A - LPD-LB l(f) 2 , u - 

Figure 11: Bar graph showing the percentage of total middle ears known or suspected of 
containing an effusion based on otoscopy and tympanometry throughout the duration of 
25 the experiment. The time scale is measured with respect to the intranasal challenge of 
ntHi at day 0. Cohorts received antiserum directed against: 

fl|^H Sham 
LB1 
LPD 
PD 

LPD-LB 1(02, 1,3 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



10 



Peptides of the Invention 

The peptides of the present invention relate to groups of newly identified LB 1(f) 
peptides from equivalent regions of P5-like fimbrin proteins from various ntHi strains 
from Europe and the United States. 

The DNA sequence of the P5-like fimbrin protein was ascertained from 83 strains 
of ntHi, and the peptide sequence of the LB 1(f) peptide was noted. The peptide is a B- 
cell epitope which occurs in the same region (and within the same context) of each 
protein - approximately in the region that encompasses positions 110 and 140 of the 
amino acid sequence of the protein. In strain ntHi-10567RM, for example, the peptide 
exists between Argl 17 to Glyl35 (SEQ ID NO:l). 

After alignment, the peptide sequences of both the American and European ntHi 
15 strains fell into the same three groups, with some variation within these groups. Group 1 
peptides [or LB 1(f),] represented 71 % of the peptides, contained about 19 amino acids, 
and had not less than 75% identity with the peptide provided in SEQ ID NO:l. Group 2 
peptides [or LBl(f) 2 ] represented 19% of the peptides, contained 19-22 amino acids, and 
had not less than 75% identity with the peptide provided in SEQ ID NO:2. The group 
20 could be additionally divided into 2 subgroups, group 2a [or LBl(f) 2 J exemplified by 
SEQ ID NO:2, and group 2b [or LBl(f) 2b ] by SEQ ID NO:4. Group 3 peptides [or 
LBl(f) 3 ] represented 10 % of the peptides, and contained 13 amino acids (provided in 
SEQ ID NO:3). 

Of 83 ntHi strains analysed, the LB 1(f) peptides from all 62 US strains and all 21 
25 European strains fell into Groups 1-3. Table 1 shows all ntHi strains that were analysed 
and which Group their respective LB 1(0 peptides belong to. Tables 2, 3, and 4 list the 
cumulated sequences of Group 1, 2, and 3 LB 1(f) peptides respectively. Table 5 lists a 
representative example of a Group 1, 2a, 2b, and 3 LBl(f) peptide. 
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The previously known LB 1(f) peptide (SEQ ID NO:5) falls into Group 1. 
Although it is known that this peptide is an effective immunogen, and confers protection 
against ntHi-caused otitis media, it has been unknown until now that this useful peptide 
exists in these three antigenically-distinct forms, which could be potentially combined to 
5 provide protective immunogens against all Haemophilus influenzae strains that express 
the P5-like fimbrin protein. 

The peptides of this invention relate to the representative peptides of Groups 1, 
2a, 2b, and 3 (SEQ ID NO: 1, 2, 4, and 3 respectively), and to antigenically related 
variants of these peptides. Antigenically related variants can be either natural variants (as 

10 exemplified by the peptides listed in tables 2, 3, and 4) or artificially modified variants 
that can be made by synthetic chemistry or recombinant DNA mutagenesis techniques 
that are well known to persons skilled in the art. The antigenically related variants of the 
peptides should have an amino acid sequence identity of at least 75 % to one ot the 
peptides provided in SEQ ID NO: 1-4 (and more preferably at least 85%, and most 

15 preferably at least 95% identity), whilst still being capable of immunologically 
mimicking the corresponding antigenic determinant site of the P5-like fimbrin protein of 
non-typeable Haemophilus influenzae. For this invention "immunologically mimicking 
the corresponding antigenic determinant site of the P5-like fimbrin protein" is defined as 
the variant peptide being capable of inducing antibodies that recognise one of the wild- 

20 type LB 1(f) sequences (listed in tables 2, 3, and 4) in the context of the whole P5-like 
fimbrin protein AND/OR additionally defined as the variant peptide being capable of 
being recognised by the same antibody that recognises one of the wild-type LB 1(f) 
sequences (listed in tables 2, 3, and 4) in the context of the whole P5-like fimbrin protein. 
In the first definition, the variant peptide should be capable of inducing such antibodies 

25 either by itself, or in conjunction with a carrier molecule. In the second definition, the 
variant peptide should be capable of being recognised either by itself, or in conjunction 
with a carrier molecule. The antigenically related variant peptide does not include those 
peptides provided in SEQ ID NO: 5 (the previously determined LB 1(f) peptide of P5-like 
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fimbrin protein from strain ntHi-1128) and SEQ ID NO:6 (the previously determined 
LBl(f)-like peptide of P5 protein from ntHi). 

Antigenically related variants may have had amino acids added, inserted, 
substituted or deleted. Preferred variants are those that differ from the referents by 
5 conservative amino acid substitutions. 

The peptides of the invention also relates to combinations of LB 1(f) peptides 
described above covalently linked, with optional spacer amino acids in between, to form 
a single peptide. For such peptides the peptides of SEQ ID NO: 5 & 6 can be used. The 
method to chemically synthesise or recombinantly express such peptides is well known 

10 to a person skilled in the art. The optional spacer amino acids should preferably not be 
more than 18 amino acids either side of the peptide, and should preferably be composed 
of amino acids from the natural context of the LB 1(f) peptide in the P5-like fimbrin 
protein (for example if two LB 1(f) peptides were joined, the N-terminal LB 1(f) peptide 
could have 9 amino acids of its natural C-terminal context linked to 9 amino acids of the 

15 natural N-terminal context of the C-terminal LB 1(f) peptide). One or more LB 1(f) 
peptides may be linked in this way. Preferably 1-10 LB 1(0 peptides are linked, more 
preferably 1-5, and still more preferably 1-3. 

Polypeptides of the Invention 

20 The polypeptides of the present invention relates to peptides described above 

being covalently linked to a carrier polypeptide that contains at least one T-cell epitope 
(for instance tetanus toxin, diptheria toxin, OspA, P6 protein, OMP 26, protein D, or 
lipoprotein D) to form a chimeric LB 1(f) polypeptide. This chimeric polypeptide 
comprises at least one of the peptides of the invention. Preferably the chimeric 

25 polypeptide comprises 1-10 LB 1(f) peptides, more preferably 1-5, and still more 
preferably 1-3. These peptides can be linked N-terminally, C-terminally, or both N- and 
C-terminally to the carrier polypeptide. Preferably, the carrier polypeptide is from 
Haemophilus influenzae so that it can act as a good immunogenic carrier, whilst having 
some protective efficacy in itself and/or whilst providing a source of homologous T-cell 
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epitopes derived from H influenzae. Optionally, the chimeric polypeptide can also 
* comprise a purification tag peptide sequence (such as a Histidine tag or a Glutathione-S- 
transferase tag) in order to aid subsequent purification of the polypeptide. Optional short 
peptide spacer sequences can be introduced between elements of the chimeric 
5 polypeptide (as defined above in the Peptides of the Invention). 

Preferably, the carrier polypeptide used is OMP26 of H influenzae (WO 
97/01638), or protein P6 of H influenzae (Nelson, M. B. et al., (1988) Infection and 
Immunity 56, 128-134). 

Most preferably, the carrier polypeptide used is protein D (PD) from non-typeable 

10 Haemophilus influenzae or lipoprotein D (LPD - a lipidated form of PD). PD is a 42 kDa 
human IgD-binding outer surface protein that has been shown to be highly conserved 
among all strains of Haemophilus influenzae investigated so far (WO 91/18926). Both 
PD and LPD have been expressed in E. coll. 

LPD was found to be a virulence factor in H influenzae, and it elicits bactericidal 

15 activity against ntHi in rat antisera. LPD from H influenzae and the recombinantly- 
expressed equivalent of LPD can thus act as a good immunogenic carrier, whilst having 
some protective efficacy in itself. The non-lipidated form (PD) is more conveniently used 
for process reasons, and is also a potential carrier polypeptide of this invention. LPD is 
very immunogenic because of its built-in adjuvant properties; that is. its ability to induce 

20 interleukins in macrophage and its ability to stimulate B cells to proliferate (WO 
96/32963). PD does not have built-in adjuvant properties, and thus these conjugates 
require adjuvantation with, for example, aluminium hydroxide or aluminium phosphate. 
Antibody responses to LPD may protect against both typeable and nontypeable Hi 
strains. It thus represents an important carrier molecule for attaching other Hi antigens 

25 (such as LB 1(f) peptides) in order to obtain more effective vaccines against the organism. 
In addition to enhancing the immune response to the LB 1(f) peptide antigen, LPD may- 
serve as a protective antigen against both non-encapsulated and encapsulated strains of 
Hi. 
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Preferably three LB 1(f) peptides are joined to the carrier polypeptide - one from 
each LB 1(f) group. Preferably the LB 1(f) peptides used are those provided in SEQ^ 
NO: 2, 3, and 5 5 and they are preferably linked C-terminally to the carrier polypeptide in 
the order SEQ ID NO: 2 (group 2 peptide), SEQ ID NO: 5 (group 1 peptide), SEQ ID 
5 NO: 3 (group 3 peptide). Such a polypeptide linked to LPD is known as LPD-LB1 (f) 2 ,u3- 

Although the chimeric polypeptide need not have a purification tag, when one is 
required a Histidine tag sequence is preferable, and it is preferably located at the C- 
terminus of the polypeptide. 

The sequence of a preferred chimeric polypeptide is provided in Figure 5. 
10 Residues 1-19 is the signal sequence of Protein D. This signal peptide may be removed 
in order to produce the PD version of the chimeric polypeptide. 

Polypeptides of the present invention can be prepared in any suitable manner. 
Such polypeptides include recombinantly produced polypeptides, synthetically produced 
polypeptides, or polypeptides produced by a combination of these methods. Means for 
15 preparing such polypeptides are well understood in the art, however examples of the 
method are presented in the Examples section. 

Polynucleotides of the Invention 

The polynucleotides of the present invention relates to the wild-type 
20 polynucleotide sequences of the LB 1(f) peptides provided in Tables 6-8. They also relate 

to the wild-type DNA sequence of the polypeptides of the invention - that is to say 

constructing the chimeric polypeptide gene such that the wild-type gene sequence of the 

carrier polypeptide and wild-type polynucleotide sequences of LB 1(f) peptides are used. 

Such a polynucleotide is provided in Figure 5. The DNA sequence of the optional spacer 
25 amino acids is not essential for the invention, however where the spacer amino acids are 

from the natural context of the LB 1(f) peptide, it is preferable (but not necessary) to use 

the natural DNA sequence of these spacers. 

The polynucleotides of the invention also relates to DNA sequences that can be 

derived from the amino acid sequences of the peptides and polypeptides of the invention 
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bearing in mind the degeneracy of codons. This is well known in the art, as is knowledge 
of codon usage in different expression hosts which is helpful in optimising the 
recombinant expression of the peptides and polypeptides of the invention. 

The invention also provides polynucleotides which are complementary to all the 
above described polynucleotides. 

When the polynucleotides of the invention are used for the recombinant 
production of polypeptides of the present invention, the polynucleotide may include the 
coding sequence for the mature polypeptide, by itself; or the coding sequence for the 
mature polypeptide in reading frame with other coding sequences, such as those encoding a 
leader or secretory sequence, a pre-, or pro- or prepro- protein sequence, or other fusion 
peptide portions (for instance amino acid residues 1 to 19 of SEQ ID NO:7 : the natural 
signal sequence of LPD). For example, a marker sequence which facilitates purification of 
the fused polypeptide can be encoded. In certain preferred embodiments of this aspect of 
the invention, the marker sequence is a hexa-histidine peptide, as provided in the pQE 
vector (Qiagen, Inc.) and described in Gentz et al, Proc Natl Acad Sci USA (1989) 86:821- 
824, or is an HA tag, or is glutathione-s-transferase. Also preferred is LPD fused to its 
natural signal sequence (amino acid residues 1 to 19 of SEQ ID NO:7). The polynucleotide 
may also contain non-coding 5' and 3' sequences, such as transcribed, non-translated 
sequences, splicing and polyadenylation signals, ribosome binding sites and sequences that 
stabilize mRNA. 

Vectors, Host Cells, Expression 

The present invention also relates to vectors which comprise a polynucleotide or 
polynucleotides of the present invention, and host cells which are genetically engineered 
with vectors of the invention and to the production of peptides or polypeptides of the 
invention by recombinant techniques. Cell-free translation systems can also be employed 
to produce such proteins using RNAs derived from the DNA constructs of the present 
invention. 

For recombinant production, host cells can be genetically engineered to incorporate 
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expression systems or .portions thereof for polynucleotides of the present invention. 
Introduction of polynucleotides into host cells can be effected by methods described^ 
many standard laboratory manuals, such as Davis et ai, BASIC METHODS IN 
MOLECULAR BIOLOGY (1986) and Sambrook et al., MOLECULAR CLONING: A 
5 LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, N.Y. (1989) such as calcium phosphate transfection, DEAE-dextran mediated 
transfection, transvection, microinjection, cationic lipid-mediated transfection, 
electroporation, transduction, scrape loading, ballistic introduction or infection. 

Representative examples of appropriate hosts include bacterial cells, such as 
10 meningococci, streptococci, staphylococci, E. coli, Streptomyces and Bacillus subtilis cells; 
fungal cells, such as yeast cells and Aspergillus cells; insect cells such as Drosophila S2 
and Spodoptera Sf9 cells; animal cells such as CHO, COS, HeLa, CI 27, 3T3, BHK, HEK 
293 and Bowes melanoma cells; and plant cells. 

A great variety of expression systems can be used. Such systems include, among 
15 others, chromosomal, episomal and virus-derived systems, e.g., vectors derived from 
bacterial plasmids, from bacteriophage, from transposons, from yeast episomes, from 
insertion elements, from yeast chromosomal elements, from viruses such as baculoviruses, 
papova viruses, such as SV40, vaccinia viruses, adenoviruses, fowl pox viruses, 
pseudorabies viruses and retroviruses, and vectors derived from combinations thereof, such 
20 as those derived from plasmid and bacteriophage genetic elements, such as cosmids and 
phagemids. The expression systems may contain control regions that regulate as well as 
engender expression. Generally, any system or vector suitable to maintain, propagate or 
express polynucleotides to produce a polypeptide in a host may be used. The appropriate 
nucleotide sequence may be inserted into an expression system by any of a variety of well- 
25 known and routine techniques, such as, for example, those set forth in Sambrook et al, 
MOLECULAR CLONING, A LABORATORY MANUAL (supra). 

For secretion of the translated protein into the lumen of the endoplasmic reticulum, 
into the periplasmic space or into the extracellular environment, appropriate secretion 
signals may be incorporated into the desired polypeptide. These signals may be 
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endogenous to the polypeptide (residues 1 to 19 of SEQ ID NO:7) or they may be 
heterologous signals. 

Purification of Recombinantly Expressed Peptides/Polypeptides 

Peptides and polypeptides of the invention can be recovered and purified from 
recombinant cell cultures by well-known methods including ammonium sulphate or 
ethanol precipitation, acid extraction, anion or cation exchange chromatography, 
phosphocellulose chromatography, hydrophobic interaction chromatography, affinity 
chromatography, hydroxylapatite chromatography and lectin chromatography. Most 
preferably, high performance liquid chromatography is employed for purification. Well 
known techniques for refolding proteins may be employed to regenerate active 
conformation when the polypeptide is denatured during isolation and or purification. 

Although the gene sequence of the chimeric LB 1(f) polypeptide in the vector can 
be tagged with a Histidine-tag sequence which aids the purification of the polypeptide, it 
is not an essential element to the invention, as polypeptides without the Histidine-tag can 
still be purified by one of the techniques mentioned above. 

Example 3 describes a purification method for purifying the LPD-LB 1 (f)(Group 
2/Group 1/Group 3) (or LPD-LB l(f) 2 ,i, 3 ) chimeric polypeptide. A LPD-LB 1(f) chimeric 
polypeptide with three or more LB 1(f) peptides at the C-terminus of the polypeptide is 
easier to purify over one with only a single LB 1(f) peptide at the C-terminus. This is due 
to an observed partial degradation of the polypeptide from the C-terminus where it 
contains only one LB 1(f) peptide that is not observed if there were three LB 1(f) peptides 
at the C-terminus. Where some degradation has occurred, the full length polypeptide can 
be separated from the degraded form by incorporating a careful anion exchange step into 
the purification procedure. 

Antibodies 

The peptides and polypeptides of the invention, or cells expressing them can also be 
used as immunogens to produce antibodies immunospecific for the wild-type LB 1(f) 
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peptides. The term "immunospeciflc" means that the antibodies have substantially greater 
affinity for the peptides or polypeptides of the invention than their affinity for other relat^^ 
polypeptides in the prior art. 

Antibodies generated against the peptides or polypeptides can be obtained by 
administering it to an animal, preferably a nonhuman, using routine protocols in the 
immunisation of an animal with an antigen, the collection of the blood, the isolation of 
the serum and the use of the antibodies that react with the peptide. The serum or IgG 
fraction containing the antibodies may be used in analysing the protein. For preparation 
of monoclonal antibodies, any technique which provides antibodies produced by 
continuous cell line cultures can be used. Examples include the hybridoma technique 
(Kohler, G. and Milstein, C, Nature (1975) 256:495-497), the trioma technique, the 
human B-cell hybridoma technique (Kozbor et ai, Immunology Today (1983) 4:72) and the 
EBV-hybridoma technique (Cole et ai, MONOCLONAL ANTIBODIES AND CANCER 
THERAPY, pp. 77-96, Alan R. Liss, Inc., 1985). 

Techniques for the production of single chain antibodies (U.S. Patent No. 
4,946,778) can also be adapted to produce single chain antibodies to peptides or 
polypeptides of this invention. Also, transgenic mice, or other organisms including other 
mammals, may be used to express humanized antibodies. 

The above-described antibodies may be employed to isolate or to identify clones 
expressing the peptide or to purify the peptides or polypeptides of the invention by affinity 
chromatography. 

The peptides and polypeptides of the present invention also are useful to produce 
polyclonal antibodies for use in passive immunotherapy against H. influenzae. Human 
immunoglobulin is preferred because heterologous immunoglobulin may provoke a 
deleterious immune response to its foreign immunogenic components. Polyclonal 
antisera is obtained from individuals immunized with the peptides or polypeptides in any 
of the forms described. The immunoglobulin fraction is then enriched. For example, 
immunoglobulins specific for epitopes of the protein are enriched by immunoaffmity 
techniques employing the peptides or polypeptides of this invention. The antibody is 
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specifically absorbed from antisera onto an immunoadsorbent containing epitopes of the 
polypeptide and then eluted from the immunoadsorbent as an enriched fraction of 
immunoglobulin. 

Vaccines 

The earlier work on the LB 1(f) peptide from strain ntHi-1 128 indicated that this 
peptide could be used as an immunogen for the development of a subunit vaccine against 
Haemophilus influenzae disease, particularly to prevent or reduce susceptibility to acute 
otitis media and other diseases caused by nontypeable strains. This invention extends this 
work by identifying three main Groups of LB 1(f) peptides. The differences between the 
three groups were such that it is unlikely that a cross protection could be achieved 
between strains belonging to different groups. The use of examples from each of these 
peptide groups in combination is therefore able to provide a more efficient and complete 
vaccine against strains of Haemophilus influenzae (preferably ntHi) that express the PS- 
like fimbrin protein. 

Another aspect of the invention therefore relates to a method for inducing an 
immunological response in a mammal which comprises inoculating the mammal with a 
peptide or polypeptide of the invention adequate to produce antibody and/or T cell 
immune response to protect said animal from H influenzae disease, among others. \et 
another aspect of the invention relates to a method of inducing immunological response 
in a mammal which comprises, delivering a peptide or polypeptide of the invention via a 
vector directing expression of a polynucleotide of the invention in vivo in order to induce 
such an immunological response to produce antibody to protect said animal from 
diseases. 

A further aspect of the invention relates to an immunological/vaccine formulation 
(composition) which, when introduced into a mammalian host, induces an 
immunological response in that mammal to a LB 1(f) peptide or polypeptide wherein the 
composition comprises a LB 1(f) peptide or polypeptide gene, or LB 1(f) peptide or 
polypeptide itself. The vaccine formulation may further comprise a suitable carrier. The 
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LBl(f) vaccine composition is preferably administered orally, intranasally or parenterally 
(including subcutaneous, intramuscular, intravenous, intradermal, transdermal injectic^^ 
Formulations suitable for parenteral administration include aqueous and non-aqueous 
sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and 
solutes which render the formulation isotonic with the blood of the recipient; and 
aqueous and non-aqueous sterile suspensions which may include suspending agents or 
thickening agents. The formulations may be presented in unit-dose or multi-dose 
containers, for example, sealed ampoules and vials and may be stored in a freeze-dried 
condition requiring only the addition of the sterile liquid carrier immediately prior to use. 
The vaccine formulation may also include adjuvant systems for enhancing the 
immunogenicity of the formulation, such as oil-in water systems and other systems 
known in the art. The dosage will depend on the specific activity of the vaccine and can 
be readily determined by routine experimentation. 

Yet another aspect relates to an immunological/vaccine formulation which 
comprises the polynucleotide of the invention. Such techniques are known in the art, see 
for example Wolff et 'al., Science, (1990) 247: 1465-8. 

The peptides or polypeptides of this invention can be administered as multivalent 
subunit vaccines in combination with antigens from other proteins of K influenzae to 
achieve an enhanced bactericidal activity. For combined administration with epitopes of 
other proteins, the LB 1(f) peptide or polypeptide is either administered separately, as a 
mixture or as a conjugate or genetic fusion polypeptide. The conjugate is formed by- 
standard techniques for coupling proteinaceous materials. The peptides or polypeptides 
of the invention can be used in conjunction with antigens of other organisms (e.g. 
encapsulated or nonencapsulated, bacteria, viruses, fungi and parasites). For example, the 
peptides or polypeptides of the invention are useful in conjunction with antigens of other 
microorganisms implicated in otitis media or other diseases. These include Streptococcus 
pneumoniae, Streptococcus pyrogenes, group A, Staphylococcus aureus, respiratory 
syncytial virus and Branhemella catarrhalis. 
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The evaluation of the peptides or polypeptides of the invention as potential 
vaccines against ntHi-caused otitis media is made in a chinchilla animal model 
developed by Dr. L. Bakaletz of Ohio State University. This model mimics the 
development of otitis media in children and is based on the successive intranasal 
administrations of adenovirus and ntHi a week apart. In these conditions, the bacteria is 
able, after the colonisation of the nasopharynx, to invade the middle ear via the 
Eustachian tube. Once there, ntHi will proliferate and induce an inflammatory process 
similar to what is observed in children. 

For vaccine evaluation, by the time the chinchilla has been actively immunised 
they are too old at the time of challenge to be inoculated by the intranasal route with 
ntHi: even with a preinfection with adenovirus, almost none of them will develop otitis 
media. As an alternative route of challenge, a direct inoculation of the bacteria into the 
middle ear (bullae) through the skull is used. Passive transfer/challenge protocols can 
also be used to avoid needing trans-bullar challenge. 

With all these types of challenge, the severity of the disease can be scored by 
otoscopic observation (through the external ear) or tympanometry, which evaluate the 
level of inflammation in the middle ear or changes in middle ear pressure and presence of 
fluid in the middle ear, respectively. The efficacy of a vaccine is determined by the 
reduction of the severity and/or the duration of the inflammation and the reduction of the 
colonisation in the ear and the nasopharynx. 

In previous experiments, the protective efficacy of both LB1 from strain ntHi- 
1128 and LPD was evaluated after active immunisation, and intrabullar challenge. 
Repeatedly, immunisation with LB1 protected chinchilla against otitis media as indicated 
by a reduced length of otitis, reduced severity, and reduced colonisation in both the ears 
and the nasopharynx. The immunisation with LPD protected chinchillas against otitis 
media but not as well as LB1, and not reproducibly. 

The vaccines of the invention can be further evaluated by examining whether the 
peptides or polypeptides of the invention inhibit adherence of ntHi to chinchilla epithelial 
throat cells, and whether they can prevent nasopharyngeal colonisation by ntHi in vivo. 
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The LB1 peptide from ntHi-1128 has a dose-dependent effect on the inhibition of the 
adherence of ntHi to chinchilla epithelial throat cells (probably as it acts as a direct st^fc 
inhibitor of ntHi binding), and lowers the ntHi in nasopharyngeal lavage fluid. 
Nasopharygeal colonisation is an initial step required for the development of otitis media, 
therefore this inhibition of colonisation will also help to inhibit the development of otitis 
media. 



Diagnostic Assays/Kits 

This invention also relates to the use of the peptides or polypeptides of the 
invention, and antibodies against these peptides or polypeptides as diagnostic reagents. 
Detection of a LB 1(f) peptide will provide a diagnostic tool that can add to or define a 
diagnosis of Haemophilus influenzae disease, among others. 

Biological samples for diagnosis may be obtained from a subject's cells, such as 
from serum, blood, urine, saliva, tissue biopsy, sputum, lavage fluids. 

Polynucleotides of the invention, which are identical or sufficiently identical to one 
of the nucleotide sequences contained in Tables 6-8, may be used as hybridization probes 
for cDNA and genomic DNA or as primers for a nucleic acid amplification (PCR) reaction, 
to isolate full-length cDNAs and genomic clones encoding P5-like fimbrin protein. Such 
hybridization techniques are known to those of skill in the art. Typically these nucleotide 
sequences are 80% identical, preferably 90% identical, more preferably 95% identical to 
that of the referent. The probes generally will comprise at least 15 nucleotides. Preferably, 
such probes will have at least 30 nucleotides and may have at least 50 nucleotides. 
Particularly preferred probes will range between 30 and 50 nucleotides. In this way 
Haemophilus influenzae can be detected in a biological sample, and under particularly 
stringent hybridisation conditions, the specific strain or strains of Haemophilus influenzae 
present in a sample could be ascertained using the wild-type polynucleotide sequences 
provided in Tables 6-8. 

Thus in another aspect, the present invention relates to a diagnostic kit for a 
disease, particularly Haemophilus influenzae disease, which comprises: 
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(a) a polynucleotide of the invention, preferably a nucleotide sequence provided in 
Tables 6-8; 

(b) a nucleotide sequence complementary to that of (a); 

(c) a LB 1(f) peptide of the invention, preferably the peptides of SEQ ID NO: 1-4; or 

(d) an antibody to a LB 1 (f) peptide of the invention, preferably to the peptides of SEQ ID 
NO: 1-4. 

It will be appreciated that in any such kit, (a), (b), (c) or (d) may comprise a 
substantial component. 

The invention is further illustrated by the following examples. 



Examples 

The examples below are carried out using standard techniques, which are well 
known and routine to those skilled in the art, except where otherwise described in detail. 
The examples illustrate, but do not limit the invention. 

Example 1: The determination of the amino acid sequence variability of the LB 1(f) 

peptide in various ntHi strains. 

la) Culture of ntHi isolates - the preparation of samples for PCR analysis 

53 ntHi isolates were obtained from Dr. L. Bakaletz of Ohio State University, and 

30 ntHi isolates were obtained from Dr. A. Forsgren of Malmo, Sweden. 

0.1 mL of a liquid culture of each ntHi isolate was spread on Gelose Chocolate 

Agar (GCA). The purity of the samples was controlled on solidified media (TSA - 

Tryptose Soy Agar in Petri dishes). The dishes were incubated at 35°C for 24 hours. 

Colonies from dishes were resuspended in 5 mL of filtered TSB (Tryptose Soy Broth + 3 

jig^l NAD;+ 3 jig/|al Hemine, + 1% horse serum). 50 mL of TSB liquid media was 
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inoculated with 2.5 mL of the culture, and were incubated at 35°C. When the 
concentration of the culture grew to 10 s cells/mL, 10 mL of culture were centrifugec^P 
10,000 rpm, 4°C for 15 minutes. The supernatant was removed and the cells were 
washed in physiological buffer. The cells were centrifuged at 10,000 rpm for 15 minutes, 
5 4°C. The cells were resuspended at a final concentration of 10 9 cells /mL. The cells were 
boiled at 95 -100°C for 10 - 15 minutes, and then placed directly on ice. Samples were 
frozen at -70°C. The samples were then ready for DNA amplification by PCR. 



lb) Amplification of P5-like fimbrin gene DNA fragment by PCR 
10 PCR amplification of fragment of the fimbrin gene were performed on the ntHi 

preparations from example la). 200 \iL of an ntHi preparation were centrifuged 14,200 
rpm for 3 minutes at room temperature. All the supernatant was removed. The cells were 
resuspended in 25 |iL of ADI, were boiled at 95°C for 10 minutes, and were centrifuge 
for 3 minutes at 14,200 rpm. 5 |^L of supernatant were used for a PCR reaction. 
1 5 Amplification of DNA was performed with specific primers: 

NTHi-01 : - 5' - ACT-GCA-ATC-GCA-TTA-GTA-GTT-GC - 3 5 
NTHi-02: - 5' - CCA-AAT-GCG-AAA-GTT-ACA-TCA-G - 3' 
The PCR reaction mixture was composed of the following: cell extract 
supernatant, 5.0 \xL\ Primer NTHi-01 (1/10), 1.0 |aL; Primer NTHi-02 (1/10), 1.0 |aL; 
20 DMSO, 2.0 jjL; dNTP mix, 4.0 |aL; Buffer lOx, 5.0 jaL; ADI, 31.5 (aL; Tag polymerase, 
0.5 nL. 

The PCR cycle conditions were as follows: (94 6 C for 1 min; 50°C for 1 min; 
72°C for 3 min) for 25 cycles, and finishing with 72°C for 10 min. The reaction was 
monitored by electrophoresis in a 3% agarose gel in TBE buffer. 
25 The primers used for the identification of which group a particular ntHi P5-like 

fimbrin LB 1(f) peptide belonged to are as follows (they are used in a similar way to the 
reaction above): 
Group 1 : 

NTHi-01 : 5 ' - ACT-GC A- ATC-GC A-TTA-GTA-GTT-GC-3 ' 
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NTHi-GRl : 5'-GTG-GTC-ACG-AGT-ACC-G-3' 
Group 2: 

NTHi-01 : 5'-ACT-GCA-ATC-GCA-TTA-GTA-GTT-GC-3' 

NTHi-GR2bis : 5'-TCT-GTG-ATG-TTC-GCC-TAG-3' 
Group 3: 

NTHi-01 : 5 '-ACT-GCA-ATC-GCA-TTA-GTA-GTT-GC-3 ' 

NTHi-GR3 : 5 '-CTA-TCG-ATG-CGT-TTA-TTA-TC-3 ' 



1 c) DNA purification 

The PCR Clean Up Kit for purification of DNA fragments from PCR reactions 
was used (Boehringer Mannheim). At the end of the procedure, the purified PCR product 
was eluted twice in 25 uL volumes of redistilled water from the silica resin. 

The purified products were analyzed by electrophoresis in a 3% agarose gel 
stained with ethidium bromide. The DNA was then ready for sequencing . 

1 d) DNA sequencing 

This was done using an ABI Automatic Sequence, the ABI-PR1SM - DNA 
sequencing Kit (using Terminator PCR Cycle Sequencing), and Amplitaq DNA 
Polymerase FS (from Perkin Elmer). 

The PCR reaction mixture used was as follows: Mix (from the kit), 8.0 uL; DNA 
(approx. 1 ug), 3.0 uL; Primer (see below) 1/5 or 1/10, 1.0 [iL; ADI, 8.0 uL 

The sequencing primers used were as follows: 

NTHi -03: 5'-AGG-TTA-CGA-CGA-TTT-CGG-3' or 

NTHi -04: 5' - CGC-GAG-TTA-GCC-ATT-GG-3' or 

NTHi -05: 5'- AAA-GCA-GGT-GCT-TTA-G-3' or 

NTHi -06: 5' - TAC-TGC-GTA-TTC-TGC-ACC-3' 

OR 

NTHi-03: 5'-AGG-TTA-CGA-CGA-TTT-CGG- 3' 
NTHi-04 : 5 ' -CGC-GAG-TTA-GCC-ATT-GG-3 ' 
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NTHi-05: 5'-AAA-GCA-GGT-GTT-GCT-TTA-G-3' 

NTHi-06: 5'-TAC-TGC-GTA-TTC-TTA-TGC-ACC-3 5 ^ 
NTHi- 1 4: 5 '-GGT-GTA-TTT-GGT-GGT-TAC-C-3 ' 
NTHi- 15:5 ' -GTT- ACG- ACG- ATT- ACG-GTC-G-3 ' 

5 

The PCR cycle sequencing conditions were as follows: (96°C for 30 seconds: 
50°C for 15 seconds; 60°C for 4 min) for 25 cycles, and finishing with 72°C for 10 min. 

The PCR product was prepared and analysed by: adding 80 uL ADI to the PCR 
sequence reaction to obtain a final volume of 100 uL; adding an equal volume of 

10 phenol/chloroform to the DNA solution. The sample was then centrifuged at 14,500 rpm 
at 4°C for 3 min and the top aqueous layer was removed. The phenol/chloroform step 
and the centrifugation step were repeated once more. 10 uL 3M NaAc pH 4.8 and 220 
uL 100% ethanol (at room temperature) were then added and mixed. The sample was 
placed at -20°C for 5 min, and then centrifuged at 14,000 rpm 20 min at 4°C. The ethanol 

15 supernatant was removed and the pellet was rinsed with 1 mL of 70% ethanol (at room 
temperature). This was centrifuged at 14,000 rpm 10 min at 4°C, and the supernatant was 
removed as before. The pellet was air dried, and frozen overnight. The pellet was 
dissolved in the following solution: formamide 100% deionised water, 5 volumes; 0.5M 
EDTA pH 8.00, 1 volume. This was vortexed a few seconds and loaded on a sequencing 

20 gel. 

le) Cumulated results and conclusions 

A list of the various ntHi isolates that were analysed in terms of the sequence of 
their LB 1(f) peptides from P5-like fimbrin protein is shown in Table 1. The group 
25 classification was determined by aligning the LB 1(f) peptide against SEQ ID NO: 5, 2, 
or 3 (being the representative Group 1, 2 or 3 LB 1(f) peptides respectively). LB 1(f) 
peptides had to have at least 75% identity with the representative peptide of a group in 
order for the classification of the group to be assigned to the test peptide. Tables 2, 3, and 
4 show the aligned sequences of the Group 1, 2, and 3 LB 1(f) peptide sequences 
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respectively. Table 5 shows the representative LB 1(f) peptides of Group 1, 2a, 2b, and 
aligned with respect to each other. 

Tables 6-9 show the DNA sequences of the LB 1(f) peptides of Tables 2- 
respectively. 
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Serotype 


n oroer 


Strains 


Group 


1 


NTHi 


1848L 


H. 


influenzae 


1 






2 


NTHi 


1848NP 


H. 


influenzae 


1 






3 


NTHi 


1885R 


H. 


influenzae 


1 






4 


NTHi 


1885MEE 


H. 


influenzae 




2 




5 


NTHi 


10547RMEE 


H. 


influenzae 






3 


6 


NTHi 


10548LMEE 


H. 


influenzae 






3 


7 


NTHi 


10567RMEE 


H. 


influenzae 


1 






8 


NTHi 


10568LMEE 


H. 


influenzae 


1 






9 


NTHi 


10567&8NP 


H. 


influenzae 






3 


10 


NTHi 


1371MEE 


H. 


influenzae 


1 






11 


NTHi 


214NP 


H. 


influenzae 


1 






12 


NTHi 


1370MEE 


H. 


influenzae 


1 






13 


NTHi 


1380MEE 


H. 


influenzae 


1 






14 


NTHi 


217NP 


H. 


influenzae 


1 






15 


NTHi 


266NP 


H. 


influenzae 




2 




16 


NTHi 


167NP 


H. 


influenzae 


1 






17 


NTHi 


1657MEE 


H. 


influenzae 


1 






18 


NTHi 


284NP 


H. 


influenzae 


1 






19 


NTHi 


1666MEE 


H. 


influenzae 


1 






20 


NTHi 


287NP 


H. 


influenzae 


1 






21 


NTHi 


1236MEE 


H. 


influenzae 




2 




22 


NTHi 


183NP 


H. 


influenzae 




2 




23 


NTHi 


165NP 


H. 


influenzae 




2 




24 


NTHi 


1182MEE 


H. 


influenzae 


1 






25 


NTHi 


166NP 


H. 


influenzae 


1 - 






26 


NTHi 


1199MEE 


H. 


influenzae 


1 






27 


NTHi 


172NP 


H. 


influenzae 


1 






28 


NTHi 


1230MEE 


n. 


II 1 1 IUCI l^ac 








29 


NTHi 


180NP 


H. 


influenzae 








30 


NTHi 


1234MEE 


H. 


influenzae 








31 


NTHi 


182NP 


H. 


influenzae 








32 


NTHi 


152NP 


H. 


influenzae 








33 


NTHi 


226NP 


H. 


influenzae 








34 


NTHi 


1714MEE 


H. 


influenzae 




2 




35 


NTHi 


297NP 


H. 


influenzae 




2 




36 


NTHi 


1715MEE 


H. 


influenzae 




2 
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37 


NTHi 


1729MEE 


H. 


influenzae 






3 


38 


NTHi 


1728MEE 


H. 


influenzae 






3 


39 


NTHi 


250NP 


H. 


influenzae 


1 






40 


NTHi 


1563MEE 


H. 


influenzae 


1 






41 


NTHi 


1562MEE 


H. 


influenzae 


1 






42 


NTHi 


10559RMEE 


H. 


influenzae 


1 






43 


NTHi 


1712MEE 


H. 


influenzae 


1 






44 


NTHi 


1521 


H. 


influenzae 


1 






45 


NTHi 


1060RMEE 


H. 


influenzae 


1 






46 


NTHi 


86-027MEE 


H. 


influenzae 




2 




47 


NTHi 


86-027NP 


H. 


influenzae 


1 






48 


NTHi 


86-028NP 


H. 


influenzae 


1 






49 


NTHi 


86-028LMEE 


H. 


influenzae 


1 






50 


NTHi 


90-100 


H. 


influenzae 


1 






51 


NTHi 


90-121RMEE 


H. 


influenzae 


1 






52 


NTHi 


1128 


H. 


influenzae 


1 






53 


NTHi 


90-100RMEE 


H. 


influenzae 


1 






54 


NTHi* 


476 


H. 


influenzae 


1 






55 


NTHi* 


480 


H. 


influenzae 


1 






56 


NTHi* 


481 


H. 


influenzae 


1 






57 


NTHi* 


482 


H. 


influenzae 


1 






58 


NTHi* 


484 


H. 


influenzae 


1 






59 


NTHi* 


486 


H. 


influenzae 


1 






60 


NTHi* 


490 


H. 


influenzae 


1 






61 


NTHi* 


492 


H. 


influenzae 




2 




62 


NTHi* 


494 


H. 


influenzae 


1 






63 


NTHi* 


495 


H. 


influenzae 




2 




64 


NTHi* 


498 


H. 


influenzae 


1 






65 


NTHi* 


499 


H. 


influenzae 


1 






66 


NTHi* 


500 


H. 


influenzae 




2 




67 


NTHi* 


501 


H. 


influenzae 


1 






68 


NTHi* 


502 


H. 


influenzae 




2 




69 


NTHi* 


503 


H. 


influenzae 


1 






70 


NTHi* 


504 


H. 


influenzae 






3 


71 


NTHi* 


506 


H. 


influenzae 




2 




72 


NTHi* 


507 


H. 


influenzae 


1 






73 


NTHi* 


546 


H. 


influenzae 




2 




74 


NTHi* 


567 


H. 


influenzae 


1 






75 


NTHi 


544 


H. 


influenzae 






3 
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76 


NTHi 


ccc 
OOO 


n. IllllUCII^aC 


77 


NT H i 


con 
OUU 


n . ii iiiuci u:oc 


78 


NTHi 


601 


H. influenzae 


79 


NTHi 


603 


H. influenzae 


80 


NTHi 


604 


H. influenzae 


81 


NTHi 


605 


H. influenzae 


82 


NTHi 


606 


H. influenzae 


83 


NTHi 


608 


H. influenzae 



respective LB 1(f) peptides from P5-like fimbrin protein (strains 1-53 from L. Bakaletz, 
strains 54-83 from A. Forsgren). * denotes a European strain of ntHi, all others were 
isolated from the United States. Strains 1885 and 1128 are available from the American 
Type Culture Collection (ATCC # 55431 and 55430 respectively). 
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Table: 2 - Cumulated Group 1 Peptide Sequences 



N1128 


RSDYKFYEDANGTRDHKKG 


N13 8 0MEE 


RSDYKFYEDANGTRDHKKG 


N1885R 


RSDYKFYEDANGTRDHKKG 


N1562MEE 


R S D YKF YED ANGTRDHKKG 


N1563MEE 


RSDYKFYEDANGTRDHKKG 


N18 0NP 


RSDYKFYEDANGTRDHKKG 


N217NP 


RSDYKFYEDANGTRDHKKG 


N2 84NP 


RSDYKFYEDANGTRDHKKG 


N1666MEE 


RSDYKFYEDANGTRDHKKG 


N12 3 0MEE 


RSDYKFYEDANGTRDHKKG 


NTHI-501 


RSDYKFYEDANGTRDHKKG 


NTHI-507 


RSDYKFYEDANGTRDHKKG 


NTHI-56 5 


RSDYKFYEDANGTRDHKKG 


NTHI-6 03 


RSDYKFYEDANGTRDHKKG 


NTHI-608 


RSDYKFYEDANGTRDHKKG 


N2 8 7NP 


RSDYKFYEDANGTRDHKKG 


N86028LM 


RSDYKFYEDANGTRDHKKG 


N86028NP 


RSDYKFYEDANGTRDHKKG 


N152NP 


RSDYKFYEDADGTRDHKKG 


N1234MEE 


RSDYKFYDDANGTRDHKKG 


N182NP 


RSDYKFYDDANGTRDHKKG 


N90100RM 


RSDYKFYEDENGTRDHKKG 


N90100 


RSDYKFYEDENGTRDHKKG 


N10567RM 


RSDYKFYEAANGTRDHKKG 


N106 0MEE 


R S D YKF YE AANGTRDHKKG 


N172NP 


RSDYKFYEAANGTRDHKKG 


N1199MEE 


RSDYKFYEAANGTRDHKKG 


N10568LM 


RSDYKFYEAANGTRDHKKG 


N90121RM 


RSDYKFYEAANGTRDHKKG 


N86027NP 


RSDYKFYEVANGTRDHKKG 


NTHI-4 86 


RSDYKFYEVANGTRDHKKG 


N1712MEE 


RSDYKFYEVANGTRDHKKG 


NTHI-503 


RSDYKFYEAANGTRDHKKG 


NTHI-476 


RSDYKFYEEANGTRDHKKG 


N166NP 


RSDYKFYNDANGTRDHKKS 


N1182MEE 


RSDYKFYNDANGTRDHKKS 


N1848NP 


RS D YKF YE VANGTRDHKKS 


N13 71MEE 


RS D YKF YEVANGTRDHKKS 


NTHI-498 


RS D YKF YE VANGTRDHKKS 


NTHI-606 


RS D YKF YEVANGTRDHKKS 


N1848L, 


RSDYKFYEVANGTRDHKKS 


NTHI-567 


RSDYKFYEDANGTRDRKTG 


NTHX-4 84 


RSDYKFYEDANGTRKHKEG 


N10559RM 


RSDYKL YE VANGTRDHKKS 


NTHI-601 


RSDYKFYEVANGTRDHKQS 


NTHI-481 


RSDYKFYEVANGTRDHKQS 


NTHI-482 


RSDYKFYEVANGTRDHKQS 


N13 7 0MEE 


RSDYKFYEVANGTRDHKQS 


N226NP 


RSDYKFYEEANGTRDHKRS 


NTHI-480 


RSDYKFYEDANGTRERKRG 
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N1657MEE 
N2 6 7NP 
NTHI-4 90 
NTHI-494 
N214NP 
N2 5 0NP 
N1521 
NTHI-6 05 
NTHI-499 



RSDYKFYEVANGTRERKKG 
RSDYKFYEVANGTRERKKG 
RSDYKFYEVANGTRERKKG 
RSDYKFYEVANGTRERKKG 
R S D YKFYE VPNGTRDH KQ S 
RSDYKRYEEANGTRNHDKG 
RS DYKR YEEANGTRNHDKG 
RSDYKRYEEANGTRNHDKG 
RSDYEFYEAPNSTRDHKKG 



Tahle: 3 - Cumulated Group 2 P eptide Sequences 



N1715MEE 


RSDYKLYNKNS S SNSTLKNLGE 


N1714MEE 


RSDYKLYNKNSSSNSTLKNLGE 


N86027RM 


RSDYKLYNKNS S SNSTLKNLGE 


N2 97NP 


RSDYKLYNKNS S SNSTLKNLGE 


N266NP 


RSDYKLYNKNS S SNSTLKNLGE 


N1885MEE 


RSDYKLYNKNS S SNSTLKNLGE 


NTHI-546 


RSDYKLYNKNS S SNSTLKNLGE 


NTHI -6 04 


RSDYKLYNKNS S SNSTLKNLGE 


NTHI-492 


RSDYKLYNKNS S-NSTLKNLGE 


NTHI-502 


RSDYKLYDKNS S SN- TLKKLGE 


NTHI-506 


RSDYKLYNKNS S - NSTLKNLGE 


N1236MEE 


RSDYKLYNKNS S TLKDLGE 


NTHI-500 


RS DYKLYNKNS S TLKDLGE 


NTHI-183 


RSDYKLYNKNS S TLKDLGE 


N16 5NP 


RSDYKLYNKNS SN - -TLKDLGE 


NTHI-4 95 


RSDYKLYNKNS SD- -ALKKLGE 



Table: 4- Cumulated Group 3 Peptide Sequences 

Nl 7 2 9MEE RSDYKFYDNKRID 

NTHI- 504 RSDYKFYDNKRID 

NTHI-544 RSDYKFYDNKRID 

NTHI- 6 00 RSDYKFYDNKRID 

N1728MEE. RSDYKFYDNKRID 

Nl 0 54 8LM RSDYKFYDNKRID 

N10547RM RSDYKFYDNKRID 

Nl 0 5 6 7 8 R RSDYKFYDNKRID 



Table: 5 - Cumulated Group 1. 2a. 7b. and 3 Pentide Sequences 



N1 X 2 8 RS DYKFYEDANGTRDHKKG 

Nl 7 1 5MEE RSDYKLYNKNS S SNSTLKNLGE 

NTHI - 18 3 RSDYKLYNKNS S TLKDLGE 

Nl 7 2 9MEE RSDYKFYDN KRID 
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Table: 6 - Cumulated Group 1 Gene Sequences 



Nl 1 2 8 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 3 8 OMEE CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 8 8 5R CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 5 6 2MEE CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N 1 5 6 3 MEE CGTTCTG ATTATAAATTTTATG AAG ATGCAAACGGTACTCGTG ACCAC AAG AAAGGT 

Nl 8 ONP CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N217NP CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N2 84NP CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 6 6 6MEE CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N12 3 OMEE CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 5 0 1 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 5 0 7 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI -565 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 6 0 3 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 6 0 8 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N2 8 7NP CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N8 6 0 2 8 LM CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N8 6 02 8NP CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTG AC CACAAG AAAGGT 

N152NP CGTTCTGATTATAAATTTTATGAAGATGCAGACGGTACTCGTGACCACAAGAAAGGT 

Nl 2 3 4 MEE CGTTCTGATTATAAATTTTATGATGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

1 82NP CGTTCTGATTATAAATTTTATGATGATGCAAACGGTACTCGTGACCACAAGAAAGGT 

N901 0 ORM CGTTCTGATTATAAATTTTATGAAGATGAAAACGGTACTCGTGACCACAAG AAAGGT 

N9 0 1 0 0 CGTTCTGATTATAAATTTTATGAAGATGAAAACGGTACTCGTGACCACAAG AAAGGT 

N1056 7RM CGTTCTGATTATAAATTTTATGAAGCTGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 0 6 OMEE CGTTCTGATTATAAATTTTATGAAGCTGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 7 2NP CGTTCTGATTATAAATTTTATGAAGCTGCAAACGGTACTCGTGACCACAAG AAAGGT 

Nl 1 9 9MEE CGTTCTGATTATAAATTTTATG AAGCTGCAAATGGTACTCGTGACCACAAGAAAGGT 

Nl 0 5 6 8 LM CGTTCTGATTATAAATTTTATG AAGCTGCAAACGGTACTCGTGACCACAAGAAAGGT 

N9012 1RM CGTTCTGATTATAAATTTTATGAAGCTGCAAACGGTACTCGTGACCACAAGAAAGGT 

N86027NP CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 4 8 6 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAGGT 

Nl 7 1 2MEE CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 5 0 3 CGTTCTGATTATAAATTTTATGAAGCTGCAAACGGTACTCGTGACCACAAGAAAGGT 

NTHI - 4 7 6 CGTTCTGATTATAAATTTTATGAAGAAGCAAACGGTACTCGTGACCACAAGAAAGGT 

N16 6NP CGTTCTGATTATAAATTTTATAATGATGCAAACGGTACTCGTGACCACAAGAAAAGT 

Nl 1 8 2 MEE CGTTCTGATTATAAATTTTATAATGATGCAAACGGTACTCGTGACCACAAGAAAAGT 

N184 8NP CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAAGT 

N13 71MEE CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAAGT 

NTHI - 4 98 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAAGT 

NTHI -606 CGTTCTGATTATAAATTTTATG AAGTTGCAAACGGTACTCGTGACCACAAGAAAAGT 

N184 8L CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAAGT 

NTHI -561 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCGCAAGACAGGT 

NTHI - 4 8 4 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTAAGCACAAGGAAGGT 

Nl 0 5 5 9RM CGTTCTGATTATAAACTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGAAAAGT 

NTHI - 6 01 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGCAAAGT 

NTHI - 4 8 1 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGCAAAGT 

NTHI - 4 8 2 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGCAAAGT 

Nl 3 7 OMEE CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGACCACAAGCAAAGT 

N2 2 6NP CGTTCTGATTATAAATTTTATGAAGAAGCAAACGGTACTCGTGACCACAAGAGAAGT 

NTHI - 4 8 0 CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGAGCGCAAGAGAGGT 
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Nl 6 5 7MEE CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGAGCGCAAGAAAGGT 

N2 6 7NP CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGAGCGCAAGAAAGGT a 

NTH I - 4 9 0 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTG AGCGCAAGAAAGGT 

NTHI - 4 94 CGTTCTGATTATAAATTTTATGAAGTTGCAAACGGTACTCGTGAGCGCAAGAAAGGT 

N214NP CGTTCTGATTATAAATTTTATGAAGTTCCAAACGGTACTCGTGACCACAAGCAAAGT 

N2 5 ONP CGTTCTGATTATAAACGTTATGAAGAAGCAAACGGTACTCGTAACCACGACAAAGGT 

Nl 5 2 1 CGTTCTGATTATAAACGTT ATGAAGAAGCAAACGGTACTCGTAACCACGACAAAGGT 

NTH 1-605 CGTTCTGATTATAAACGTTATGAAGAAGCAAACGGTACTCGTAACCACGACAAAGGT 

NTH 1-499 CGTTCTGATTATGAATTTTATGAAGCTCCAAACAGTACTCGTGACCACAAGAAAGGT 



Table: 7 - Cumulated Group 2 Gene Sequences 

Nl 7 1 5MEE CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

N1714MEE CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

N86 027RM CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

N2 9 7NP CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

N2 6 6NP CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGA^ 

Nl 8 8 5MEE CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGA^ 

NTHI - 5 4 6 CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

NTHI - 6 04 CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

NTHI - 4 92 CGTTCTGACTATAAATTGTACAATAAAAATAGTAGT AATAGTACTCTTAAAAACCTAGG CGAA 

NTHI - 502 CGTTCTGACTATAAATTGTACGATAAAAATAGTAGTAGTAAT ACT CTTAAAAAACTAGG CGAA 

NTHI- 5 06 CGTTCTGACTATAAATTGTACAATAAAAATAGTAGT AATAGTACTCTTAAAAACCTAGGCGAA 

Nl 2 3 6 MEE CGTTCTGACTATAAATTGTACAATAAAAATAGTAGT ACT CTTAAAGACCTAGG CGAA 

NTHI - 5 0 0 CGTTCTGACTATAAATTGTACAATAAAAATAGTAGT ACT CTTAAAGACCTAGG CGAA 

NTH 1-18 3 CGTTCTGACTATAAATTGTACAATAAAAATAGTAGT - - - ACTCTT AAAGACCTAGGCGAA 

N165NP CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAAT ACTCTTAAAGACCTAGGCGAA 

NTH 1-495 CGTTCTGACTATAAATTATACAATAAAAATAGTAGTGAT G C T CTT AAAAAAC T AGG C GAA 



Table: 8 - Cumulated Group 3 Gene Sequences 

Nl 7 2 9 MEE CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

NTHI - 5 04 CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

NTHI - 544 CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

NTHI- 6 00 CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

Nl 72 8MEE CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

N10548LM CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

Nl 0 5 4 7 RM CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 

N105678R CGTTCTGACTATAAATTCTACGATAATAAACGCATCGAT 



10 



Table: 9 - Cumulated Group 1 . 2a. 2b. and 1 Gene Sequences 



N1128 
N1715MEE 
NTHI -18 3 
N17 2 9MEE 



CGTTCTGATTATAAATTTTATGAAGATGCAAACGGTACTCGTGACCACAAGAAAGGT 
CGTTCTGACTATAAATTGTACAATAAAAATAGTAGTAGTAATAGTACTCTTAAAAACCTAGGCGAA 

CGTTCTGACTATAAATTGTACAATAAAAATAGTAGT ACTCTTAAAGACCTAGGCGAA 

CGTTCTGACTATAAATTCTACGATAAT AAACGCATCGAT 
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" The study shows that the LB1 (f) peptides of the P5-like fimbrin protein from all 

83 ntHi isolates tested can be classified in three groups, and that both United States and 
European ntHi isolates fall into this classification. 

5 

Example 2: The Expression of LPD-LB 1 (f) peptide fusion polypeptides in E. coli 
Source Material 

1) The expression vector pMGl 

The expression vector pMGl is a derivative of pBR322 in which bacteriophage X 
10 derived control elements for transcription and translation of foreign inserted genes were 
introduced (Young et al. (1983) PNAS USA 80, 6105-6109). In addition, the Ampicillin 
resistance gene was exchanged with the Kanamycin resistance gene. 

The vector contains the X promoter P L , operator O l and two utilization sites (Nut L 
and NutjO to relieve transcriptional polarity effects. Vectors containing the P L promoter, 
15 are introduced into an E. coli lysogenic host to stabilize the plasrnid DNA. Lysogenic 
host strains contain replication-defective X phage DNA integrated into the genome. The 
chromosomal X phage DNA directs the synthesis of the cl repressor protein which binds 
to the O l repressor of the vector and prevents binding of RNA polymerase to the P L 
promoter and thereby transcription of the inserted gene. The cl gene of the expression 
20 strain AR58 contains a temperature sensitive mutant so that P L directed transcription can 
be regulated by temperature shift, i.e. an increase in culture temperature inactivates the 
repressor and synthesis of the foreign protein is initiated. This expression system allows 
controlled synthesis of foreign proteins especially of those that may be toxic to the cell. 

25 2) The expression vector pMGMCS 

The nucleotide sequence between the BamHI and the Xbal restriction sites in 
pMGl was replaced by a multiple cloning site DNA fragment (MCS) to generate the 
pMGMCS expression vector (fig. 1). 
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A poly-His sequence has been added at the 3' end of the MCS sequence to allow 
the expression of a protein product fused to a 6-Histidine tail. 

The sequence coding for the first 3 amino acids of NS1 (Met-Asp-Pro) is present 
on the vector, before the BamHI restriction site. 

5 

3) Construction of vector pRIT14588 

The cloning strategy for the generation of the pRIT14588 expression vector from 
the pMGMCS vector is outlined in Fig. 2. The lipoprotein D gene was amplified by 
PCR from the pHIC348 vector (Janson et al. (1991) Infect. Immun. 59, 119-125) with 
10 PCR primers containing BamHI and Ncol restriction sites at the 5' and 3 : ends, 
respectively. The BamHI/Ncol fragment was then introduced into pMGMCS between 
BamHI and Ncol. 

The lipoprotein D gene product contains its native signal sequence except for the 
first three amino acids which have been replaced by Met-Asp-Pro from NS1 . 
15 pRIT14588 was used to introduce LB 1(f) peptides to the 3' end of the 

Lipoprotein D gene. The LB 1(f) peptides used were the following: group 1, ntHi-1128 
(SEQ ID NO:5); group 2, ntHi-1715 MEE (SEQ ID NO: 2); group 3, ntHi-1729 MEE 
(SEQ ID NO: 3). 

20 4) The E. coli strain AR58 

The AR58 lysogenic E. coli strain used for the production of the protein D carrier 
protein is a derivative of the standard NIH E. coli K12 strain N99 (F"su"galK2, lacZ"thr"). 
It contains a defective lysogenic X phage (galE::TN10, X Kil" cI857 DH1). The Kif 
phenotype prevents the shut down of host macromolecular synthesis. The cI857 

25 mutation confers a temperature sensitive lesion to the cl repressor. The DH1 deletion 
removes the X phage right operon and the hosts bio, nvr3, and chlA loci. The AR58 
strain (Mott et al. (1985) PNAS USA. 82, 88-92)was generated by transduction of N99 
with a PI phage stock previously grown on an SA500 derivative (galE::TN10, /- Kil 
cI857 DH1). The introduction of the defective lysogen into N99 was selected with 
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tetracycline (a TN10 transposon coding for tetracyclin resistance is present in the 
adjacent galE gene). 

Example 2a) Producing a Lipoprotein D - LB1 (f) Group 1 fusion 
The aim of this construct was to clone the 19 residue LB 1(f) peptide 3' to the 
Ncol site of the multiple cloning site of pRIT14588. Immediately 3' to the Ncol site, two 
Glycine residues were introduced to place the LB 1 (f) peptide gene in frame with the LPD 
gene. After the two Gly residues, the DNA coding for 8 natural residues N-terminal to 
the LB 1(f) peptide (from the P5-like fimbrin protein) were introduced followed by the 
LB 1(f) DNA sequence, followed by the DNA coding for the 5 natural residues C- 
terminal to the LB 1(f) peptide. The plasmid (called LPD-LB1-A) is shown in Figure 3 
and was made as follows: 

pRIT 14588 was cleaved with Ncol and Spel, and the linear large fragment was 
dephosphorylated. The LB 1(f) peptide gene was amplified up from the ntHi-1 128 P5-like 
fimbrin gene with the following primers: 

Primer LB-Baka-01 (5' - containing an Ncol site) 
5 '-CTA-GCC-ATG-GAT-GGT-GGC-AAA-GCA-GGT-G-3 * 
Primer LB-Baka-05 (3' - containing an Spel site) 
5'-CAC-TAG-TAC-GTG-CGT-TGT-GAC-GAC-3 ? 

The DNA produced by PCR amplification was cleaved with Ncol and Spel, The 
LB 1(f) DNA fragment was purified, and ligated into the Ncol and Spel sites of the 
cleaved pRIT14588. The ligation mixture was transformed into E. coli AR58, and the 
transformation product was spread onto solid medium (BP) LBT + Kanamycin (50 
|ag/mL). The plates were incubated at 30°C overnight. Transformants were checked by 
PCR, and positive candidates were grown in liquid culture at 30°C. In order to initiate 
expression of the LPD-LB 1 (f) chimeric polypeptide, the culture was subjected to a 
change in temperature from 30°C to 39°C during 4 hours. Expression was monitored on 
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a 12.5 % acrylamide gel (viewed either with Coomassie stain and/or Western Blot). The 
molecular size of the chimeric polypeptide was about 44 kDa. ^ 

Example 2b) Producing a LPD - LB 1(f) Group 2 + LB 1(f) Group 1 fusion 
5 The plasmid (called LPD-LB1-II) is shown in Figure 4 and was made as follows: 

Plasmid LPD-LB1-A was cleaved with Ncol and the linear DNA was 
dephosphorylated. The Group 2 LB 1(f) peptide gene was amplified up from the ntHi- 
171 5MEE P5-like fimbrin gene with the following primers: 

Primer NT1715-1 1NCO (5' containing an Ncol site) 
10 5'-CAT-GCC-ATG-GAT-GGC-GGT-AAA-GCA-GGT-GTT-GCT-3 ? 

Primer NT1715-12NCO (3' containing an Ncol site) 
5'-CAT-GCC-ATG-GCA-CGT-GCT-CTG-TGA-TG-3' 

The DNA produced by PCR amplification was cleaved with Ncol. The LB 1(f) 
15 DNA fragment was purified, and ligated into the open Ncol site of the cleaved LPD- 
LB1-A plasmid (5' to the gene for the Group 1 LB 1(f) peptide). The ligation mixture was 
transformed into E. coli AR58, and the transformation product was spread onto solid 
medium (BP) LBT + Kanamycin (50 ug/mL). The plates were incubated at 30°C 
overnight. Transformants were checked by PCR, and positive candidates were grown in 
20 liquid culture at 30°C. In order to initiate expression of the LPD-LBl(fb, chimeric 
polypeptide, the culture was subjected to a change in temperature from 30°C to 39°C 
during 4 hours. Expression was monitored on a 12.5 % acrylamide gel (viewed either 
with Coomassie stain and/or Western Blot). The molecular size of the chimeric 
polypeptide was about 50 kDa. 



25 



Example 2c) Producing a Lipoprotein D - LB 1(f) Group 2 + LB 1(f) Group 1 : 
LB 1(f) Group 3 fusion 

The plasmid (called LPD-LB1-III) is shown in Figure 5 and was made as follows: 
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Plasmid LPD-LB1-II was cleaved with Spel and the linear DNA was 
dephosphorylated. The Group 3 LB 1(f) peptide gene from ntHi-1929MEE was made by 
hybridising the following primers: 

Primer NT 1729- 18 SPE (5' - containing a cleaved Spel site at 5' end) 
5'-CTA-GTC-GTT-CTG-ACT-ATA-AAT-TCT-ACG-ATA-ATA-AAC-GCA-TCG- 

ATA-GTA-3' 

Primer NT1729-19 SPE (3' - containing a cleaved Spel site at 3' end) 
5'-CTA-GTA-CTA-TCG-ATG-CGT-TTA-TCG-TAG-AAT-TTA-TAG-GCA-GAA- 

CGA 3' 



The hybridised DNA contained the gene for the Group 3 LB 1(f) peptide and a 
cleaved Spel at either end. The LB 1(f) DNA fragment was ligated into the open Spel site 
of the cleaved LPD-LB1-II plasmid (3' to the gene for the Group 1 LB 1(f) peptide). The 
ligation mixture was transformed into E. coli AR58, and the transformation product was 
spread onto solid medium (BP) LBT + Kanamycin (50 ug/mL). The plates were 
incubated at 30°C overnight. Transformants were checked by PCR, and positive 
candidates were grown in liquid culture at 30°C. In order to initiate expression of the 
LPD-LBl(f) 2 ,i, 3 chimeric polypeptide, the culture was subjected to a change in 
temperature from 30°C to 39°C during 4 hours. Expression was monitored on a 12.5 % 
acrylamide gel (viewed either with Coomassie stain and/or Western Blot). The molecular 
size of the chimeric polypeptide was about 53 kDa. 

Example 2d) Characterisation of the Expression of the Chimeric Polypeptides 
Expression of the above chimeric polypeptides was monitored on a 12.5 % 
acrylamide gel which was observed as either: 

a) a Coomassie stained gel (Figure 6) 

b) a Western blot 

1) using rabbit anti-LBl (Figure 7) 

2) using a Mab anti-LPD (Figure 8) 
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3) usine an Ab aaainst the six-Histidine Purification Tag (Figure 9) 

As can be observed, each chimeric polypeptide can be expressed efficiently in E. 



coli. 



Example 3: Purification of the Chimeric Polypeptides 

The purification of LPD-LBl(f) 2) i,3 (expressed using the construct shown in 
Figure 5) was achieved as follows. 

The E. coli were washed and resuspended in phosphate buffer (50 mM, pH 7.0). 
10 The cells were lysed by gently swirling them overnight at 4 °C in the presence of 3% 
Empigen. The solution was then centrifuged for 30 minutes at 8,000 rpm in a Beckman 
JA10 rotor. The supernatant was diluted 4 times in 50 mM phosphate buffer, 500 miM 
NaCl, pH 7.0. The first stage of purification was achieved on a Qiagen NTA Ni+-=- 
column due to the presence of the six histidine tag at the C-terminus of the polypeptide. 
15 The column was equilibrated with 10 mM sodium phosphate buffer, 500 mM NaCL 
0.5% Empigen, pH7.5 5 and the polypeptide was eluted off the column with an imidazole 
gradient (0-100 mM) in 20 mM sodium phosphate buffer, 0.5% Empigen, pH7.0. Elution 
was followed by running fractions on SDS-PAGE gels. 

The next step in the purification was on a Bio-Rad Macro-Prep SOS column. The 
20 polypeptide bound to the column equilibrated in 20 mM phosphate buffer, 0.5 % 
Empigen, pH 7.0, and was eluted from the column using a gradient of 0 to 500 mM NaCl 
in the same buffer. Elution was followed by running fractions on SDS-PAGE gels. 

The last (polishing) step of the process was done using a Sephacryl S200 HR size 
exclusion column. The polypeptide solution from the previous step was firstly 
25 concentrated with a Filtron Omega 10 kDa concentrator device. The resulting solution 
was loaded and run on the column equilibrated with PBS buffer with 0.5% Empigen. 
Elution of the polypeptide was followed by running fractions on SDS-PAGE gels. 

The pooled fractions were filtered through a 0.22 jim filter. The resulting protein 
runs as one pure band on a Coomassie stained SDS-PAGE gel, and the equivalent 
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Western blot using an anti-LBl antibody. Tests showed that the protein remained intact 
even after 7 days at 37 °C. 

Approximately 200 mg of polypeptide per litre of cell culture can be purified by 
this method. 

5 

Example 4: Preclinical Experimentation on vaccine effectiveness of the chimeric 
polypeptides 

Example 4a) Generation of antisera 

Antisera was generated against 4 types of antigen: LPD; PD; LPD-LBl(f)2j f 3 
10 (made recombinantly using plasmid LPD-LB1-III); LB1 (a group 1 LB 1(f) peptide fused 
to a T-cell promiscuous epitope from measles virus fusion protein, the sequence of the 
peptide being: RSDYKFYEDANGTRDHKKGPSLKLLSLIKGVIVHRLEGVE). 

Four cohorts comprising 5 chinchillas were immunised, each cohort with one of 
the immunogens identified above. The dosage was 10 jig antigen / 200 |iL A1P0 4 / 20 ug 
15 MPL (3-O-deacylated monophosphoryl lipid A) for the first three antigens, and 10 ug 
antigen delivered in Complete or Incomplete Freund's Adjuvant (CFA or IFA) for LB1. 
A total of three doses were injected at one month intervals. 

Example 4b) Passive Transfer and Challenge 
20 This study aimed to perform an in vivo challenge study of passively immunised 

chinchillas to determine the relative efficiency among the 4 immunogen (or sham) 

formulations to facilitate clearance of ntHi from the nasopharynx. 

Five cohorts of 1 1 chinchillas each (Chinchilla laniger) free of middle ear disease 

were inoculated intranasally on day -7 with 6 x 10 6 TCID 50 adenovirus type 1. On day -1 
25 each chinchilla cohort was passively immunised with a 1:5 dilution of one of the four 

serum samples described in Example 4a via cardiac puncture. The fifth cohort (the sham) 

received pyrogen-free sterile saline solution by cardiac puncture instead. About 5 mL 

serum / ks animal was administered. 
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8 «ii 

On day 0 the cohorts were intranasally challenged with ntHi: about 10 cfu ntHi =f 
86-028NP (group 1) per animal. Statistical evaluation of the passive transfer study ^1 
performed prior to de-blinding the study. 

This sequential inoculation with two pathogens closely mimics both the natural 
5 route of acquisition of these agents as well as their synergistic interaction in the human 
host. 

The severity of the disease was scored by otoscopic observation. This is rated on 
a 0-4 scale. Signs of tympanic membrane (TM) inflammation were observed to obtain a 
score: the presence of effusion, small vessel dilation, air-fluid interface, opacity, etc. 

1 o A repeated measures analysis of variance was used to compare the pattern of 

responses over time (days) and ear (left or right) for the five groups (cohorts). Due to the 
large number of repeat observations on each animal, the analysis was divided into 5 
sections as follows: days 1-7, days 8-14, days 19-21, days 22-28, and days 29-33. There 
was little variation in the responses on days -7 through 0, 34 and 35 and therefore no 

15 such analysis was performed on those times. Where possible (when there was non-zero 
variability in the mean response), tests were performed to compare the mean responses 
between the groups at these time points. Tukey's HSD test was used for all post-hoc 
multiple comparisons. Significance was assessed using an alpha level of 0.05. 

The results are shown in Figure 10. Inflammation increases over time for all 

20 groups in a significant manner during the period of day 1 to 7. During days 29-33 
inflammation decreased over time in a significant manner for all groups. As can be seen 
from the data, the serum containing antibodies against recombinant LPD-LBl(f)2,i r 3 
helped to reduce the TM inflammation throughout the experiment. An effective 
vaccinogen should maintain TM inflammation at or below 1.5 for the duration of the 

25 study period. LPD-LBl(f) 2)U anti-serum only allowed the mean inflammation score to 
rise above 1 .5 for 2 days as well as inducing a consistent downward trend thereafter. 

In addition to otoscopy, tympanometry (which measures changes in middle ear 
pressure) was also employed. These two measurements can be used in conjunction to 
give a reliable indication of whether an effusion has taken place in a middle ear. Figure 
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1 1 shows the results of this analysis. Clearly, the recombinant LPD-LB l(f) 2 ,i,3 performed 
well in this study when considering the outcome measures of preventing both TM 
inflammation and the development of effusion. Overall LPD-LB l(f) 2i 1,3 ranks second 
only to the positive control, the LB1 peptide. The LB1 peptide, however, was adjuvanted 
5 with CFA (a very strong adjuvant) and can therefore not be directly compared to the 
LPD-LB l(f) 2 ,u result. 

A statistical evaluation on the data presented in Figure 1 1 is presented in Table 
10. The evaluation compared the reduction in percent effusion in each immunized cohort 
to that observed in sham immunized animals during peak incidence of disease [the four 
10 days of observation in which at least 50% of sham ears contained an effusion (had otitis 
media)]. 

The positive control (anti-LBl/CFA) was significant at p < 0.001 on all four days 
(days 11 - 14). Anti-LPD-LBl(f) 213 inhibited the development of otitis media at a p- 
value < or equal to 0.001 on days 11, 12, 13 and 14 also. Anti-PD was significant on 
15 days 13 and 14 only whereas anti-LPD was able to prevent the development of otitis 
media relative to sham animals on day 14 only (p value close to 0.02). 

The recombinant LPD-LB l(f) 2 , 1,3 polypeptide therefore significantly inhibits the 
development of otitis media in chinchillas which were passively transferred with this 
serum pool. 
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Day Group 


% Effusion 


p-value 


11 

(Sham = 70%) 


LBl 


0 


O.0001 


PD 


45 


0.1010 


LPD-LBl(f)213 


17 


0.0010 


LPD 


68 


0.8886 


12 

(Sham = 80%) 


LBl 


0 


<0.0001 


PD 


55 


0.0854 


LPD-LBl(f)213 


22 


0.0004 


LPD 


68 


0o788 


13 

(Sham = 65%) 


LBl 


15 


0.0012 


PD 


1 8 


0.0020 


LPD-LBl(f)213 


17 


0.0002 


LPD 


41 


0.1188 


14 

(Sham = 60%) 


LBl 


0 


<0.0001 


PD 


5 


0.0002 


LPD-LBl(f)213 


o. 


<0.0001 


LPD 


23 


0.0146 



Table: 10 - A comparison of % ears containing effusion in the LBl, PD, LF 
LBl(f)213, and LPD groups with % of ears containing effusion in the Sham group 
days 1 1 through 14.. 



Example 4c) Adherence Inhibition data 

An established single cell adherence assay was carried out using human 
oropharyngeal cells. The mean percent inhibition of adherence (±sem) of ntHi strains to 
these cells by the immune chinchilla sera produced in Example 4a. The results using anti- 
sera against LPD-LB1 (1)2,1,3 and LPD can be seen in Table 11. The anti-sera against 
LPD-LBl(f) 2 1 3 was seen t0 be eff" ective at inhibiting adherence of Group 1 and Group 2 
ntHi strains. It was also more effective against all the strains than anti-LPD serum was. 
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Cohort 
Name 


ntHi 
strain 
(Group) 


n 


Pooled Serum Dilution 
1:25 1:50 1:100 1:200 1:400 1:800 


LPD/ 

aip<v 

MPL 


86-028L 
(Group 1) 


-> 


29±3 


31±4 


13±7 


19±8 


12±5 


16±7 


1128MEE 
(Group 1) 


2 


0±0 


12±12 


8±5 


12±1 


8±8 


16±1 


266NP 
(Group 2a) 




46±9 


38±7 


24±13 


24±21 


30±16 


28±19 


LPD- 

LBl(f) 2 .3/ 
A1P0 4 / 
MPL 


86-028L 
(Group 1) 


~> 


32±2 


36±1 


38±2 


27±3 


3±2 


19±3 


1128MEE 
(Group 1) 


2 


24±14 


23±4 


30±7 


13±13 


11±11 


12±6 


266NP 
(Group 2a) 


j 


52±10 


43±3 


36±7 


13±10 


6±9 


14±19 



Table: 11 - The mean percent inhibition of adherence (±sem) of ntHi strains to human 
oropharyngeal cells by immune chinchilla sera. 

5 



Although certain embodiments of this invention have been shown and described, 
various adaptations and modifications can be made without departing from the scope of 
the invention as described in the appended claims. For example, peptides or polypeptides 
10 having the substantially the same amino acid sequence as described herein are within the 
scope of the invention. 
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SEQ ID NO: 1 

RSDYKFYEAANGTRDHKKG 

[from strain ntHi-10567RM (Group 1 type)] 

SEQ ID NO: 2 

RSDYKLYNKNSSSNSTLKNLGE 
[from strain ntHi-171 5MEE (Group 2a type)] 

SEQ ID NO: 3 
RSDYKFYDNKRID 

[from strain ntHi-1729MEE (Group 3 type)] 

SEQ ID NO: 4 

RSDYKLYNKNSSTLKDLGE 

[from strain ntHi-183NP (Group 2b type)] 

SEQ ID NO: 5 

RSDYKFYEDANGTRDHKKG 

[from strain ntHi-1 128 (Group 1 type)] 

SEQ ID NO: 6 

RSDYKFYEAPNSTRDXKKG 

[from protein P5 from ntHi residues 1 19-137 (Group 1 type)] 
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We claim: 

) 

1. A peptide corresponding to LB 1(f) peptides from the P5-like fimbrin protein of 
Haemophilus influenzae comprising one or more amino-acid sequences selected from the 

5 group consisting of: 

SEQ. ID NO. 1, 
SEQ.ID NO. 2, 
SEQ. ID NO. 3 5 and 
SEQ. ID NO. 4 

10 or any antigenically related variants of said sequences which have an identity of at least 
75% and are capable of immunologically mimicking the corresponding antigenic 
determinant site of the P5-like fimbrin protein of non-typeable Haemophilus influenzae, 
with the proviso that the antigenically related variants does not include those peptides 
provided in SEQ ID NO:5 or SEQ ID NO:6. 

15 

2. A peptide of claim 1 which comprises the amino-acid sequence provided in SEQ ID 
NO:l. 

3. A peptide of claim 1 which comprises the amino-acid sequence provided in SEQ ID 
20 NO:2. 

4. A peptide of claim 1 which comprises the amino-acid sequence provided in SEQ ID 
NO:3. 

25 5. A peptide of claim 1 which comprises the amino-acid sequence provided in SEQ ID 
NO:4. 



6. A chimeric polypeptide comprising one or more peptides of claims 1-5 conjugated to a 
carrier polypeptide which comprises at least one T-cell epitope. 
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7. A chimeric polypeptide of claim 6 which also comprises a purification tag pepMe 
sequence. 

8. A chimeric polypeptide of claim 7 wherein the purification tag peptide sequence is a 
Histidine-tag sequence. 

9. A chimeric polypeptide of claim 6 wherein the carrier polypeptide is lipoprotein D. 

10. A chimeric polypeptide of claim 6 wherein the amino acid sequences of the LB 1(f) 
peptide subunits used are selected from the group consisting of SEQ ID NO: 1, 2 , or 3. 

1 1. A chimeric polypeptide comprising three LB 1(f) subunits and lipoprotein D, wherein 
the amino acid sequences of the LB 1(f) subunits used are provided in SEQ ID NO: 2, 3 
and 5. 

12. A chimeric polypeptide of claim 1 1 which also comprises a Histidine purification tag 
sequence. 

13. A chimeric polypeptide of claim 11 wherein the order of the peptide components 
from the N-terminus of the polypeptide is: lipoprotein D, LBl(f) subunit (SEQ ID NO: 
2), LB 1(f) subunit (SEQ ID NO: 5), and LB 1(f) subunit (SEQ ID NO: 3). 

14. A vaccine composition comprising an immunogenic amount of at least one peptide or 
polypeptide from claims 1-13 in a pharmaceutical^ acceptable excipient, and an optional 
adjuvant. 
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15. The use of an immunogenic amount of at least one peptide or polypeptide from 
claims 1-13 in a pharmaceutically acceptable excipient, and an optional adjuvant, to 
prevent or treat Haemophilus influenzae disease. 

5 16. The use of claim 15 wherein the Haemophilus influenzae disease is otitis media, 
sinusitis, conjunctivitis, or lower respiratory tract infection. 

17. A method of inducing immunity in a mammal susceptible to Haemophilus influenzae 
infection comprising the administration to the mammal of an effective amount of the 

10 vaccine according to claim 14. 

18. A method of preventing Haemophilus influenzae infection comprising the 
administration to a mammal an effective amount of a vaccine according to claim 14. 

15 19. A DNA or RNA molecule encoding one of the LB 1(f) peptides or polypeptides 
provided in claims 1-13. 

20. A DNA or RNA molecule of claim 19 wherein the DNA sequence of said LB 1(f) 
polypeptide is provided in Figure 5. 

20 

21. A DNA or RNA molecule of claim 19 contained within an expression vector, 
wherein said expression vector is capable of producing said LB 1(f) peptide or 
polypeptide when present in a compatible host cell. 

25 22. A DNA or RNA molecule of claim 20 contained within an expression vector, 
wherein said expression vector is capable of producing said LB 1(f) polypeptide when 
present in a compatible host cell. 

. 23. A host cell comprising the expression vector of claim 21 or 22. 
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24. A process for producing a LB 1(f) peptide or polypeptide comprising culturing^ 
host cell of claim 23 under conditions sufficient for the production of said polypeptide 
and recovering the LB 1(f) peptide or polypeptide. 

25. A process for producing a LB 1(f) peptide or polypeptide of claim 24 wherein the 
process comprises the steps of lysing the host cells, and purifying the soluble extract 
using an immobilised Nickel column step, a cation exchange column step, and a size 
exclusion column step. 

26. A process for producing a host cell which produces a LB 1(f) peptide or polypeptide 
thereof comprising transforming or transfecting a host cell with the expression vector of 
claim 21 or 22 such that the host cell, under appropriate culture conditions, expresses a 
LB 1(f) peptide or polypeptide. 

27. A purified antibody which is immunospecific to a LB 1(f) peptide provided in claims 
1-5. 

28. A method of detecting the presence of Haemophilus influenzae in a sample by 
20 contacting said sample with the antibody of claim 27 in the presence of an indicator. 

29. A method of detecting the presence of Haemophilus influenzae in a sample by 
contacting said sample with a DNA probe or primer constructed to correspond to the 
wild-type nucleic acid sequence which codes for a LB 1(f) peptide of the P5-like fimbrin 

25 protein of Haemophilus influenzae, characterised in that the probe is selected from the 
group consisting of gene sequences as provided in Tables 6-8. 



15 
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30. A reagent kit for diagnosing infection with Haemophilus influenzae in a mammal 
comprising the DNA probes of claim 29 or a LB 1(f) peptide of claims 1-5 or an antibod 
of claim 27. 



47 



THIS PAGE BLANKS 




Ndel 
► M 

BamHI Ncol BbrPI Bell Saci Spel 

TGGATCCCATGGCCACGTGTGATCAGAGCTCAACTA6TGGCCACCATCACCATCACCA 
etAspProMet Al aThrCysAspGI nSerSerThrSerGlyHi sHi sHi sHi sHi sHi 
Xba! 

TTAATC TAGAATCGATAAGCTTCGAC CGATGCC 



pRITl4SSfi (figure : 2) 
EcoRl 




XTCTTACACL^TTCC^.GCCCTGAAAAAG^ 



CCAS 



► MetAsp 
ATTC--TCAAA-ATC- 



► ProLysThr LeuAl aLeuSer LeuLeuAl aAt aGl yVa I LeuAl aGl yCysSer Ser Hi sSer SerAsnMe t 
GCG-AArACCCA.AATGAAATCA.GACAA^ 

► A I aAsnThr Gl nMet LysSerAspLysl I e M el I eAI aHi sArgGI yAl aSer Gl yTyrLeuProGI uHi s 
ACGTTAC-AATCTAAAGCACTTCCGTTTGCAC^ 

► Thr LeuGI uSer LysAI aLeuAl aPheAl aGl nGJ nAI aAspTyrLeuGi uG! nAspLeuAl aMetThr Lys 

GATGGTCGTTTAGTGGTTATTCACGATC a XTTTTTAGAT<K^C'T^ 



► A rgHi s ArgLysAspGI yA rgTyrTyrVal I I eAspPheThr LeuLysGI ul I eGl nSer LeuGI uMetThr 
GAAAAC TTTG AA^.C CAAAGATC^rCAA^CA^GC GCAAGTTTATC CT AATC GTTTCCCTCTTT GCAAA.TCA.C AT 

► Gl uAsnPheGi uThr LysAspGf yLysGI nAI aGl nVa I T y rP roAsn ArgPheP roLeuT rpLy sSer Hi s 
TTTAGAATTC AT AC C TTTG AAGATGAAATTGA^TTTATC C AAGGC TTP.GAAA.-_-.TC C AC TGGCAAAA-A.GT A 

► PheArgl I eHi sThr PheGI uAspGI ul I eGl uPhel I eGl nGl yLeuGl uLysSer ThrGi yLysLysVal 
GG<aATTTATC CAGAAATC AAAGCACCTTGGTTC CAC CATCAAA-.TGGTAA-.GATATTGCTGC TGAAAC GC TC 



► Gl y I I eTy rProGI u I I eLysAi aProT rpPheHi sHi sGt nAsnGI y Lys Asp I I eAI aAl aGl uThr Leu 

LPD 3/3 

AAAGTGTTAAAAAAATATGGCTATGATAAGAAAA 

► LysVal LeuLysLysTyrG! yTy r AspLy sLy sThr AspMe t Va I T y r LeuGI nThr PheAspPtieAsnGI u 

TTAAAACGTATCAAAACGGAATTACTTCCACAAAT^ 



► Leu Lys A rg I I eLysThr Gl uLeuLeuProGI nMet GJ yMe t AspLeuLy sLeuVa I Gl nLeu I I eAI aTyr 
ACAGATTGGAAAG_\AACACAAGAAAAAGACCCAAAG« 

► Thf AspT rpLysGI uThrGlnGI uLysAspProLy sGI yTyrT rpVal AsnTyrAsnTyr AspT rpMet Ptie 

aaacctggtgc^vtggcagaagtggtt^^ 

► LysProGI yAl aMet Al aGl uVa I Va I Ly sTyr Al aAspGI yValGI yProGl y T rpTyrMe t LeuVa I Asn 
AAAGAJ^GA.VTCCAA-.CCTaATAVTA^ 

► LysGI uGl uSer Ly sP roAspAsn J I eVal TyrThr ProLeuVal LysGl uLeuAl aGl nTyrAsnVal Gl u 

GTGCATCCTTACACCGTGCGTAAAC-Vr^^ 

► Val Hi sProTyrThr Va I A rgLysAspAl aLeuProGI uPhePheThr AspVa I As nGl nMet TyrAspAl a 

EcoRl 

TTATTGAATAAATCAGGC<KIAACAGGTGTA 

► LeuLeuAsnLysSer Gl yAl aThr Gl yVal PheThr AspPheP roAspThr G! y Va I Gl uPheLeuLysGI y 

Ncol BbrPI Bell Sad Spel 
ATAAAATC C ATGC-C C AC GTGTGATC AGAGC TC AAC TAGTGGC CAC C ATCACCATC ACCATTAA 
I 

► I I eLysSerMet A I aThrCysAspGI nSerSerThrSerGlyHi sHi sHi sHi sHi sHi s - • • 
Xbal 

TCTAGAATCGATAAGCTTCGACCGATGCC 




THIS PAGE BLANK (uspto) 



LPD-LB1-A (figure : 3) 
EcpRJ 




CTCTTAC a .CAT^CAC<:CCTGAAAAAGGGaAT^^ 

►MetAspProLy 

AACTTT AGCCC7TTC TTTATTAGCAGCTGGC G7 AC T AGC-.GGTTGT AGCAGC CATTC ATCAAAT ATGGCGAAT ACC C 

► sThr LeuAl aLeuSer LeuLeuA! aAl aGI yVa I LeuAl aGI yCysSer SerHi sSer Ser AsnMe t Al aAsnThr G 

A_AATGAAATCAGACA_AA_ATCATTA 

► I nMe t LysSer^AspLys I lei let I eAI aHi s ArgGI yAl aSer GJ yTyrLeuProGI uHi sThr LeuGI uSer Lys 

► Al aLeuAl aPheAl aGI nGI nAl aAspTyrLeuGI uGl nAspleuAl aMetThr LysAspGI yA rgLeuVal Val I I 

TCACGA7CACTT7TTAGATGGC7^<LAC7^^ 

► eHi sAspHi sPheLeuAspGl yLeuThrAspVa 1 A I aLy sLysPheProHi sArgHi s A rg LysAspGI yA rgTyrT 

ATGTCATCGACTT^ACCTTAAAAaAA^:TTCA, 

► y rVal I i eAspPheThr LeuLysGI ul leGI nSer LeuGI uNtetThrGl uAsnPheGl uThr LysAspGI yLysGl n 
GCGC AAGTTT ATC CT AATC G777CC C7C 777GG AAA7C A ZA.TTT'T AGAATTCATAC 7 7T7G A_-G A7GAAA77GAA77 

► Al aGI nVa I T y rP rcAsnA rg PtieP roLeuT rpLy sSer Hi sPheArgl I eHi sThr PheGI uAspGl ul 1 eGl uPh 
TA7CCAAGGC7TAGA-AAAA7CCA77GGCA-AAAAA 

► ei I eGl nGI yLeuGi uLysSer ThrGI yLysLysVal Gl y I I eTyrProGt ul I eLysAI aP roT rpPneHi sHi sG 

L PD3/3 

AAAATGGTAAAGATATTGC^ 

► I nAsnGl y Lys Asp I I eAI aAl aGI uThr LeuLy sVa I LeuLysLysTyrGl yTyrAspLysLysThr AspMe t Va I 

TACTTACAAA.CTTTCCrATTT^ 

► TyrLeuGI nThr PheAspPheAsnGl uLeuLysArgl I eLysThr Gl uLeuLeuProGI nMetGI yMetAspLeuLy 

ATTAGTTCAJiTTAATTG^TTA-ACAGATTGXlA^ 



► sLeuVal Gl nLeul I eAI aTyrThrAspTrpLysGI uThr Gl nGI uLysAspProLysGI y Ty rT rpVa I AsnTyr A 

attacgattgg-.tgt^aaacctc<;tg^ 

► snTyrAspTrpMet PheLysProGI yAl aMetAlaGI uVa I Va i LysTy r At aAspGI yVa I Gl yProGI yTrpTyr 

atg7tagttaa7aaagaagaa7ccaaacc7ga7aa7A77G7G7ac^c7ccgtt 

► MetLeuValAsnLysGI uGl uSer LysProAspAsn I I eVal TyrThr P roLeuVa I LysGI uLeuAl aGI nTyrAs 
TGTGGAAGTGCATCCTTACACCGTGCGTAJLAGATC^LAGTCCCCGA^ 

► nVal Gl uVal Hi sProTyrThr Va I A rgLysAs pAI aLeuProGI uPhePheThr AspVa I As nGI nMe t TyrAspA 

CCTTATTGAa.TAAATCiGGCC^AACAGCCGTATTTA.C 

► I aLeuLeuAsnLysSer Gl yAl aThr Gl yVal PheThrAspPheProAspThr Gl yVal Gl uPheLeuLysGl y I I e 

Ncol LB1 
i ^ ^r^^"^rv: - Tr^AGG" "~~G CTTTAGTA rGTTCTGATTATAAATTTTATGA^GATGCAAA 

► LysSer MetAspG! yGI yLysAI aGI yVa I A I aLeuVa I Ar gSer AspTy r Ly sPheTy r Gl uAspA I aAs 

Spel Poly- His 

CGGTACTCGTGACCACAAGAAAGGTCC-TCACACAGCACGT ACTAGTGGCCACCATCACCATCACCATT 

► nGI y T hr Ar gAspH i s Ly s Ly sGl y ArgHi sThr Al aArgT h r Se r G I y H i sHi sHi sHi sHi sHi s- 

Xbal 

AATCTAGAATCGATAAGCTTCGACCGATGCC 





CTCTTACACATTCC^GCCCTGAAAAAGG^ 

► Me'tAspProLysThr 

► LeuAi aLeuSer LeuLeuAl aAl aGf yVa ! LeuAt aGl yCysSer Ser Hi sSer SerAsnMet Ai aAsnThr G! nMerLys 
TC^GACA^AATCi-TTAT^^ 

, . . 

► SerAspLysl I el I el I eAI aHi s ArgGl'yA! aSeVpl y Ty rLeuP roGI uHi sThr Le-jGi uS^r Lys AI aLeuAl a?^e 

► AI aGl nGI nAI aAspTyrLeuGI uG! nAspLeuAl aMetThr LysAspGI yA rgLeuVal Val I I eHi sAspHi sPneLeu 
GATGGCTTGACTGATGTTGCGAAA^iATTC CCACATC GTC ATC GTAA^.GATG-GC C GCTAC7 ACGTCATC GAG TTT AC CCT A 

► AspGl yteuThrAspVal A I aLy sLy sPheP roHi sArgHi s A rgLysAspGI yA rgTyrTyrVal I I eAspPneThr Leu 
AAAa-J^VTTa\AAGTT7ACvAAA 

► LysGl ul led nSer LeuGI uMetThr Gl uAsnPheGi uThr LysAspGI yLysGl nAI aGl r.Val Tyr?:oAsnA-?he 
CCTCTTTC^AAATCACVTT^AC^ 

► ProLeuT rpLysSer Hi sPheArg I I eHi sThr PheGl uAspGl u 1 I eGl uPhe t I eGl r.GI yLeuG! uLysSer 7hr Gi y 
AAAJLAAGTAC^-ATTTAT^ 

► LysLysVal Gl y I I eTyrProGl ul I eLysAI aProT rpPheHi sHi sGI nAsnGI yLysAspt I eAI aAi aGl uThr Leu 

LPD3/3 

A i _-.GTGTTAAAA,\A^TATGGCT ATGAT AAGAAAA.C C GAT ATGGTTT AC TT AC AAACTTTC GA7TCC A-.CGAA7CAAAAC GT 

► Ly sVa I LeuLysLysTyrGl yTyrAspLysLysThrAspMet Va I TyrLeuGI nThr Pr.sAspPtiaAsnGl uLeuLysArg 
A7CAAA.^CGGAATTACTTCCACLV-ATGC<1A.^ 

► i I eLysThr Gl uLeuLeuProGi nMe t Gl yWe t AspLeuLy sleu Va I Gl nLeui ! eAI a7yrThrAsc"rpLysGI uThr 
' CAAGAAAAAGA.CCCAAAGGGTTA.TTC^CTAAJ l -CT 

► Gl nGI uLysAspProLysGI yTyrTrpValAsnTyrAsnTyrAspT rpMe t PheLysPrcGI yA! aMet A! aGl uVal Va I 
AAA7AT^CGATGGTGTTGGCCCA«GT*rGGTATA"GTTAG7^AA 



► LysTyrAI aAspGl yVal GI yProGl yTrpTyrMe t LeuVa I AsnLy sGl uGl uSer Ly sProAspAsn I I eVal TyrThr 
C C GTTGGT AAAAGAAC TTGCAC AAT AT AATGTGG AAGTGCATC CTT ACAC CCTC-CGT AA-.GATGC ACTGC C C GAGTTTTTC 

► ProLeuVal LysGl uLeuAl aGl nTyrAsnVal Gl uVal Hi s P roT y rThr Va I A rgLys AspAl aLeuProGl uPnePhe 
AC AGACGT AAA7CAAACCT ATG ATCCCTTATTC^A^^ C C GAG AT ACT GGC 

► ThrAspVa I AsnGl nMe tTyr AspAl aLeuLeuAsnLysSer G! yAl aThr Gl yVal PneThr A scPhe? roAspThr Gl y 

EcoRl Ncol LB1-GRT 

GTGGAATTC TT A,A\A.C-GAA.T AAA.-.T C C ATGG ATGGC CCT AAAGC AGGTGTTGC TTT ACTTC GTT C T GAG T AT AAATTGT AC 



► Val Gl uPheLeuLysG! y I I eLy sSer kte t AspGl yGl yLysAI aGl yVal A I aLeu Va I A rgSer AspT y rLy sLeuTy r 

Ncol 

AAT AAAAA7AGT ACT ACT AATACC AC TC TT AAAA-.C G T AGGC G AAC ACCAC AG ACC AC GTGC CATGG AT C-GT T-GC A.-.AGC A 
M I 

► AsnLysAsnSer Ser SerAsnSer 7hr LeuLys AsnLeuGl yGl uHi sHi sArgAI aArgAl aMetAspGI yGl yLysAI a 

LB1-GR1 

GGTGTTGC TTT AGT AC GTTC TG ATT AT A-A.TTTT AT GAA.G ATCC AAAC GGT ACTC GTGA CC AC AAGAAA GC-7C GT G A CAC A 

► Gl yVal Al.aLeuValA rgSerAspTyrLysPheTyrGl uAspAl aAsnGl yThr ArgAspHi sLysLysGI yA rgHi s"hr 

Spel Poly-His Xbal 

GC AC GT AC TAGTGGC C AC CATC AC CATCAC C ATT AATCT AGAVTCCOiTAACCT'TC GAC Z GATGC C 



— M I 

► AI aArgThr Ser Gl yHi sHi sHi sHi sHi sHi s • 




CTCTTACAC^TTCCAGCCCTGAAAArtGGGCAT^ 



ACTTTAGCCCTTTCTn 



► MelAspProLys 
A.TCAAATATGGC GAATACC CAA 



► Thr LeuAl aLeuSe'r LeuLeuAl aAl aGI yVal LeuAl aGI yCysSer Ser HifsSer SerAsnkte ! AJ aAsnThr Gl n 

► MetLysSerAspLysl I el I el I eAl a Hi s ArgGl yAl aSerGf yTy rLeuPro'GI uHi sThr LeuGI uSer LysAl a 

► LeuAi aPheAl aGi nGl nAI aAspTyrLeuGI uGl nAspLeuAl aMetThr LysAspGI yA rgLeuVal Va I I 1 eHr s 

GATCACTTTrr?AGA7GGCT^ACTGA7CTTG^ 

► AspHi sPheLeuAspGl y LeuThr AspVa 1 A I aLysLy sPheProHi s ArgHr sArgLysAspGt yA rgTyrTyrVal 

ATCGACTTTACCTTAAAAGAAATTCAAAGrTTAaA^ 

► t I eAspPheThr LeuLysGI ul I eGf nSer LeuGf uMetThrGI uAsnPheGl uThr LysAspGI yLysGl nAI aGI n 
GTTTATCCTAATCG77TCCCTCTT7C<1AAA7^^ 



► Val TyrProAsnArgPheProLeuT rpLysSer Hi sPTieArg I I e Hi s Thr PheGI uAspGl u I I eGi uPhe I ! eGt n 
GGC TT AGAAAAATC CACTGGCAAAAAAGT AGGGATTT ATC CACAAATC AAAGCAC CTTGG7TC C AC CATCA AAATG-3 T 

► Gl yLeuGI uLysSerThr Gl yLysLysVal Gl yl leTyrProGluf I eLysAI aProT rpPheHi sHi sGI nAsnGl y 

LPD3/3 

AAAGATATTGCT<GCTaAAACGCTCA_AAGTGTTA^ 

► LysAspl I eAl aAl aGI uThr LeuLysVal LeuLysLy sT y rGI yTyrAspLy sLy sThrAspkte t Va I TyrLeuGI n 

ACTTTCaVTTTTAATGAAT^AAAACGTATCA^ 

► Thr PfieAspPheAsnGl uLeuLysArgl I eLysThr Gi uLeuLeuProGI nktetGI yMe tAspLeuLy sLeuVa I Gl n 
TT AATTGC TT AT AC AGATTGGAAAGAA-.CAC AAGAAAAAG AC C C AAAGGGTT ATTGGG7 AAACT AT AATT AC G ATTGG 

► Leu I I eAl aTyrThr AspT rpLysGI uThr GI nGl uLysAspProLy sGI y 7 y r T rpVa I AsnTy rAsnTyrAspT rp 
A7GTTTAAACC7GGTGCAAToGCAGA-AGTG^ 



► MetPheLysProGI yAl aMet Al aGI uVal Val LysTyrAi aAspGl yVa I Gl y ProGl y T rpTy rMe t LeuVa I Asn 
AAAa^GAATCCAA^CCTGATAATA 

► LysGI uGl uSer Ly sP roAspAsn I I eVai T y rThr P roLeuVa I Ly sGl uLeuAl aGI nTyrAsnVal Gi uVal Hi s 
CC7TACACCGT<K:GTAAAaATGCACTG^^ 

► ProTyrThr Va I A rgLysAspAl aLeuPrcG! uPhePheThr AspVa I AsnGl nMetTyrAspAl aLeuLeuAsnLy s 

EcoRi Ncol 
TC AGGGGC AACAGGTGTATTTAC TGATTTC C CA;GA7ACTCCCGTC<SAA77CTT AAAAGCw 

► Ser Gl yAl aThr Gl yVal PheThrAspPheProAsoThr Gl yVa I Gl uPheLeuLy sGI y I I eLysSer Me tAspGI y 

LB1-GR2 

GC7AAAGCAGGTCTT<XTTTAG7T^ 

► Gl yLysAI aGI yVa I A I aLeuVa I A rgSer AspT y rLy sLeuTyr AsnLysAsnSer Ser SerAsnSer Thr LeuLys 

Ncol 

AACCTAGCCGAACATCACAGAj G^ 

► AsnLeuGl yGI uHi sHi sArgAl aArgAI aMeiAspGl yGI yLysAI aGI yVa I A I aLeuVa I A rgSer AspT y rLy s 

LB1-GR1 Spel 

TTTT ATGAAGATGC AAAC GGTACTC GTGAC CAC A^CAA- A .C<JTCGTC ACAC AGCAC G7 



AC AnGAAAGGTCGTC AC^C AGCAC GTAC TAGTCGTTC TG ACT AT AAA 
i sLysLysGI yArgHi sThr Al aArgThr Ser A rgSer AspT y rLy s 



► PheTyrGl uAspAl aAsnGl yThr ArgAspHi j 

LB1-GR3 Spel Poiy-His Xbal 

TTC T AC GAT AAT AAACGCATC GAT ACT AC T AGTGGC C AC C ATCAC CATC AC C ATT AATCTAGAATCGAT AAGCTTCGA 

► Ph eT y r Asp AsnLys A rg I I eAspSer Thr Ser Gl yHi sHi sHi sHi sHi sHi s- ■ • 
CCGATGCC 
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